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PREFACE  TO  THE  SEVENTH  EDITION. 


In  the  revision  of  this  text-book  in  response  to  the  call  for  a  new 
edition  but  few  changes  have  been  found  necessary  in  the  general 
character  and  form  of  the  book. 

The  spelling  of  chemical  names  used  in  former  editions  has  been 
retained  for  reasons  stated  therein. 

An  attempt  has  been  made  to  correct  all  typographical  errors  and 
misleading  statements  of  the  last  edition,  so  far  as  they  have  been 
detected.  A  considerable  number  of  changes  have  been  made  in  parts 
IV  and  V  and  some  pages  have  been  rewritten.  In  part  IV  the 
section  devoted  to  the  proteins  has  been  rewritten  and  made  to  conform 
with  the  nomenclature  and  classification  reconmiended  by  the  Com- 
mittees of  the  American  Physiological  Society  and  the  Society  of  Biolog- 
ical Chemists.  In  the  revision  of  a  text-book  there  is  a  constant  tempta- 
tion to  add  to  its  size  by  the  introduction  of  new  topics.  This  has  not 
been  done,  because  it  was  felt  that  this  book  now  contains  all  the  essentials 
of  chemistry  needed  by  the  medical  student  for  which  it  was  written. 

It  is  believed  that  in  teaching  chemistry  to  medical  students  we 
should  keep  in  mind  the  applications  of  the  science  to  practical  medi- 
cine. This  has  been  emphasized  in  part  V,  and  for  this  reason  many 
substances  properly  belonging  under  the  head  of  Physiological  Chemis- 
try have  been  omitted,  to  make  room  for  a  discussion  of  the  clinical 
applications.  The  index  has  been  made  as  full  as  practicable,  to  en- 
hance its  value  for  ready  reference.  The  author  would  renew  his 
thanks  to  the  publishers  for  the  loan  of  cuts  from  Landois  and 
Stirlmg's  "Physiology." 

£.  xjL  S* 
Bkooklyn,  Nauemb$r  90,  2909. 


PREFACE  TO  THE  SIXTH  EDITION. 


In  revising  this  text-book  for  a  new  edition  the  author  has  aimed 
to  bring  it  abreast  of  the  times,  and  present  such  of  the  established 
facts  aiKl  theories  of  chemistry  as  he  believes  will  be  needed  by  medical 
and  pharmaceutical  students  during  attendance  on  lectures.  -While 
we  seem  to  be  on  the  threshold  of  a  modification  of  our  conception  of 
the  atom  and  the  ultimate  constitution  of  matter,  these  newer  ideas  are 
not  yet  in  shape  to  present  to  students  as  established  facts.  Physical 
chemistry  has  made  rapid  strides  in  recent  years  and  become  of  great 
importance  to  the  chemist,  but,  with  the  exception  of  osmotic  pressure, 
cryoscopy,  electrical  dissociation,  and  the  properties  of  solutions,  the 
subjects  usually  grouped  under  this  heading  are  of  little  interest  to 
the  medical  student,  and  have  been  omitted.  The  general  plan  of  the 
book  has  not  been  changed,  but  considerable  change  will  be  observed 
in  the  arrangement  of  subjects,  which  it  is  hq>ed  will  prove  more 
logical  and  easier  for  the  student. 

To  avdd  increasing  the  size  of  the  volume,  certain  less  important 
subjects  have  been  printed  in  smaller  type  and  the  description  of  a 
number  of  analytical  processes  have  been  dismissed,  because  this  is 
not  a  laboratory  manual.  The  analytical  processes  retained  have  been 
put  in  smaller  type.  This  has  permitted  the  introduction  of  much 
new  matter  without  increasing  the  number  of  pages.  The  spelling 
of  chemical  names  used  in  the  last  edition  has  been  retained,  for  the 
reasons  stated  in  the  preface  to  that  edition.  The  chemical  name, 
s)monyms,  and,  of  official  substances,  the  pharmacopoeial  name  have 
been  given  at  the  head  of  each  descriptive  section.  In  the  revision 
many  authorities  have  been  consulted,  including  the  latest  editions  of 
pharmacopoeias  of  the  United  States  and  Great  Britain.  Special 
mention  should  be  made,  however,  of  Hoppe-Seyler's  ^'Handbuch  der 
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Physiolog.  und  Patholog.  Chemischen  Analyse"  and  Bottazi's 
'^Physiologische  Chemie." 

To  enhance  its  value  as  a  handy  reference  book,  much  care  has 
been  taken  to  make  the  index  as  complete  as  possible. 

The  author  would  renew  his  thanks  to  the  publisho^  for  the  loan 
of  cuts  from  Landois  and  Stirling's  **  Physiology."  He  would  grate- 
fully acknowledge  his  indebtedness  to  Dr.  ^lliam  Schroeder,  Jr.,  for 
valuable  suggestions  and  assistance  in  revising  the  proof-sheets. 

E.H.B. 
Brooklyn,  Seftemher  i,  1905* 
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MEDICAL  CHEMISTRY. 


PART  I. 


INTRODUCTION. 

DEFINITIONS. 
Science  is  a  S3rstematic  and  orderly  arrangement  of  knowledge.  It 
is  founded  upon  observation  and  experiment.  A  theory  is  a  deduction 
from  established  facts.  Theories  are  subject  to  changes  as  new  facts 
appear,  while  the  facts  themselves  remain  the  same.  A  hypothesis 
is  a  supposition  brought  forward  to  explain  facts  or  phenomena. 
Natural  science  treats  of  the  external  appearance  and  internal 
structure  of  natural  objects.  Examples:  Botany,  zoology,  and  min- 
eralogy deal  with  the  classification  and  structure  of  plants,  animals, 
and  minerals  respectively,  and  are,  therefore,  natural  sciences. 

Physical  science  treats  of  the  properties  and  phenomena  of  the 
matter  of  which  bodies  are  composed.  Matter  is  anything  which 
possesses  extension,  inertia,  weight,  etc.  The  properties  of  a  body 
are  the  peculiar  qualities  by  which  it  makes  itself  known  to  us;  as 
color,  soUdity,  odor,  taste,  etc.  A  phenomenon  is  any  apparent  change 
in  matter  or  in  its  relations  to  other  matter.  Physics  is  that  branch 
of  ph3rsical  science  which  treats  of  the  phenomena  presented  to  us  by 
bodies  or  masses  of  matter  as  such. 

;  Chemistiy  is  that  branch  of  physical  science  which  treats  of  the 
ultimate  composition  of  bodies  and  the  changes  which  this  compo- 
sition may  undergo. 

Phjrsics  teaches  us  that  water  is  hot  or  cold;  that  it  may  exist  as  steam,  liquid 
water,  or  solid  ice.  Chemistry  tells  us  that  it  is  composed  of  two  gases,  called  hydro- 
gen and  oxygen,  in  the  proportion  of  2  of  the  former  to  i  of  the  latter,  by  volume, 
and  z  of  the  former  to  8  of  the  latter,  by  weight.  It  also  teaches  us  how  we  can 
prove  this  to  be  true. 

Matter  exhibits  certain  properties  which  are  common  to  all  bodies, 
and  which  are  therefore  called  the  general  properties  of  matter; 
such  as  indestructibility,  impenetrability,  divisibility,  mobility,  attrac* 
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tion  or  gravitation,  porosity,  chemism,  and  inertia.  Specific  proper* 
ties  are  such  as  are  observed  in  certain  bodies  only;  such  as  color, 
hardness,  fluidity,  transparency,  etc. 

Matter  is  Indestructible. — What  we  generally  term  destruction 
is  merely  a  change  of  form.  When  wood  bums  it  is  only  changed 
into  invisible  gases,  which  go  ofif  into  the  air.  These  gases  may  be 
collected,  and  by  analysis  we  may  get  back  the  elements  of  the  wood 
again.  Whatever  changes  we  may  produce  in  a  body  or  mass  of 
matter,  we  can  neither  create  nor  destroy  one  particle  of  it;  the  same 
weight  of  matter  remains  after  the  change,  as  before. 

Matter  is  Impenetrable.— That  is,  two  portions  of  matter  can 
not  occupy  the  same  place  at  the  same  time.  Strictly  speaking,  this 
applies  only  to  the  ultimate  particles  of  a  body.  In  many  phenomena 
bodies  do  seem  to  penetrate  each  other.  For  instance,  the  volume 
of  a  mixture  of  salt  and  water,  or  of  alcohol  and  water,  is  less  than 
the  sum  of  the  volumes  before  they  are  mixed.  In  these  cases  the 
penetration  is  only  apparent.  The  penetration  of  the  water  by  the 
salt  is  due  to  the  fact  that  water,  like  all  other  bodies,  is  porous;  that 
is,  it  has  spaces  or  interstices  between  the  ultimate  particles  of  which 
the  mass  is  composed,  which  are  unoccupied  by  matter,  and  into  which 
the  particles  of  salt  crowd  themselves. 

Divisibility. — Four  divisions  of  matter  are  recognized — viz., 
masses,  molecules^  atoms,  and  corpuscles. 

A  mass  or  body  is  any  distinct  portion  of  matter  appreciable  to 
the  senses. 

A  molecule  (a  little  mass)  is  the  smallest  particle  of  matter  that 
can  be  obtained  by  subdividing  a  mass  by  mechanical  or  physical 
means.  A  molecule  of  chalk  is  the  smallest  particle  of  chalk  that 
can  exist. 

The  molecules  are  too  small  to  be  seen  by  the  aid  of  the  most  powerful  micro- 
scope; their  size,  however,  is  approximately  known.  The  smallest  particle  that 
can  be  seen  with  the  best  microscope  of  to-day  is  400^000  to  sjr^jnf  01  an  inch  in 
diameter.    The  diameter  of  an  average  molecule  is  about  rpotgoo  of  a  millimeter. 

An  atom  is  the  smallest  particle  into  which  any  given  kind  of 
matter  can  be  divided  by  chemical  action.  It  is  one  of  tibe  component 
parts  of  a  molecule.  Atoms  are  now  believed  to  be  made  up  of 
smaller  particles  called  corpuscles. 

The  atom  is,  therefore,  supposed  to  be  a  solid  body,  with  a  definite 
weight,  possessing  a  definite  quantity  of  electricity  or  of  force  of 
attraction  for  other  atoms,  which  force  or  electric  charge  is  neutralized 
by  the  approach  of  the  requisite  number  of  atoms  having  an  opposite 
electric  charge. 

Atoms  tend  to  collect  in  groups  called  molecules,  because  of  theur 
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attraction  for  one  another.  A  molecule  is  a  collection  of  atoms,  and 
a  collection  of  molecules  forms  a  mass  or  body. 

Mobility. — ^All  matter  is  in  a  state  of  constant  motion.  The 
motion  of  masses,  or  mechanical  motion^  is  treated  of  in  works  on 
mechanics.  The  motions  of  molecules  give  rise  to  the  phenomena 
grouped  under  the  name  of  the  physical  forces.  Light,  heat, 
electricity,  radiant  energy,  and  magnetism  are  different  mani- 
festations of  the  motions  of  the  molecules  composing  the  body  which 
exhibits  them.    Of  the  motions  of  atoms  little  is  known  with  certainty. 

Gravitation  is  an  attraction  which  exists  between  all  masses  of 
matter.  The  law  of  gravitation  states  that  the  force  of  gravi- 
tation is  directly  proportional  to  the  mass,  and  inversely 
proportional  to  the  square  of  the  distance.  That  is,  the 
attraction  between  any  two  bodies  will  be  four  times  as  great  when 
one  foot  apart  as  when  two  feet  apart. 

What  is  known  as  the  weight  of  a  body,  is  the  measiure  of  the  attrac- 
tion between  it  and  the  earth,  at  or  near  the  siuiace  of  the  latter.  For 
table  of  weights,  see  Appendix. 

By  mass  here,  we  mean  the  weight  of  matter,  and  not  the  volume. 

By  specific  gravity  (sp.  gr.)  is  meant  the  relative  weight  of  equal 
volumes  of  bodies,  assumed  to  be  under  like  conditions  of  temperature 
and  pressure.  In  comparing  the  weights  of  equal  volumes  of  different 
bodies,  they  are  all  referred  to  an  assumed  standard.  The  Pharma" 
copcsial  standard  for  liquids  and  solids  is  piure  water  weighed  at  a  tem- 
perature of  25*^  C.  (77*^  F.),  the  average  room  temperature.  Sometimes 
the  assumed  temperature  is  4**  C.  (39**  F.),  but  moie  frequently  15®  C. 
(59°  F.). 

Densi^  is  sometimes  used  as  8ynon3rmous  with  specific  gravity.  Sulphur, 
whose  specific  gravity  is  2,  weighs  twice  as  much,  voliune  for  volume,  as  pure  water; 
while  akohol,  whose  specific  gravity  is  0.825,  weighs  0.825  times  as  much  as  pure 
water,  volume  for  volume. 

In  taking  the  specific  gravity  of  gases  or  vapors,  the  standard  of  comparison  is 
pure,  dry  air.  In  chemistry,  however,  it  is  more  convenient  to  refer  specific  gravities 
of  gases  to  hydrogen  eas,  and  designate  this  as  the  density  and  not  the  specific 
gravity,  which  term  refers  to  air  as  the  standard.  The  density  of  hydrogen  gas  is 
therefore  i. 

The  density  of  pure  air  is  14.44 — ».  e.,  air  weighs,  volume  for  voliune,  14.44 
times  as  much  as  hydrogen,  both  gases  being  weighed  at  the  same  temperature  and 
under  the  same  pressure. 

By  density  is  meant  the  sp.  gr.  of  a  gas  referred  to  hydrogen  gas 
as  a  standard.  Density  is  a  very  important  factor  in  the  study  of 
chemistry,  and  should  be  well  understood. 

To  Determine  the  Sp.  Gr.  of  a  Solid.— The  sp.  gr.  of  solids 
may  be  determined  by  first  weighing  the  body  in  the  air,  and  then 
in  water  at  the  required  temperature.    This  is  done  by  suspending 
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the  body  from  one  beam  of  a  balance  by  a  thread  or  fine  wire.  To 
weigh  in  water  it  is  only  necessary  to  place  a  vessel  of  water  so  that 
the  suspended  body  may  hang  in  the  water  or  float  upon  it  A  body 
which  sinks  in  water  displaces  a  volume  of  water  equal 
to  its  own,  and  loses  in  weight  an  amount  equal  to  the  weight 
of  the  water  displaced.  The  loss  in  the  weight  of  the  body 
when  weighed  in  water  will,  therefore,  be  the  weight  of  its  own  volume 
of  water.  By  dividing  the  weight  of  the  body  in  air  by  the  loss  of 
weight  in  water,  the  sp.  gr.  is  obtained. 

Thus,  suppose  a  body  weighs  6.200  gm.  in  air  and  3.100  gm.  in  water.  The 
loss  of  weight  in  water  is  6.aoo  —  3.100  —  3. zoo  gm.,  which  represents  the  wdjdit 
of  the  water  displaced  by  the  body,  or  the  wei^t  of  its  vohime  of  water.  The 
sp.  gr.  of  the  body  will  then  be  found  by  dividing  its  weight  in  air,  or  6.aoo  gm., 
by  the  weight  of  an  equal  volimie  of  water,  or  3.100  gm.,  giving  a  sp.  gr.  of  2. 

When  the  body  in  question  will  not  sink,  we  may  attach  a  sinker 
to  it  whose  weight  in  air  and  loss  of  weight  when  suspended  in  water 
are  known.  The  weight  of  the  body  in  air  is  taken,  the  sinker  at- 
tached, and  both  lowered  into  the  water  and  again  weighed.  The  loss 
in  weight  will  represent  the  loss  of  weight  of  both  the  solid  and  sinker. 
Deduct  the  known  loss  of  the  sinker,  and  the  remainder  will  repre- 
sent the  weight  of  a  volume  of  water  equal  to  that  of  the  body  in  ques- 
tion, whence  the  sp.  gr.  may  be  found  as  above.  Bodies  which  are 
soluble  in  water  may  be  suspended  in  some  liquid  of  known  sp.  gr. 
in  which  they  are  insoluble. 

Thus,  let  it  be  desired  to  obtain  the  sp.  gr.  of  a  lump  of  cane  sugar.  Suppose 
it  weighs  in  air  10  gm.,  and  in  oil  of  turpentine  (sp.  gr.  0.87)  4.562  gm.  Loss  —  lo.o 
— ^4.522  ■■  5.438  gm.  10.0  •¥■  5.438  ■-  1.84  as  the  sp.  gr.  referred  to  turpentine. 
Multiply  this  result  by  0.87,  the  sp.  gr.  of  the  turpentine,  and  we  have  1.60  as  the 
true  sp.  gr.  of  the  sugar. 

The  sp.  gr.  of  a  powder  is  obtained  by  partly  filling  a  small  flask 
or  bottle  (Fig.  i)  with  it  and  weighmg  both,  the  weight  of  the  empty 
flask,  as  well  as  the  weight  of  water  it  will  contain,  having  been  previ- 
ously ascertained.  The  flask  is  then  filled  with  pure  water  and  again 
weighed.  The  difference  between  the  last  weight  and  the  first  wiU  be 
the  weight  of  the  water  in  the  flask.  The  difference  between  this 
weight  and  the  weight  of  the  water  the  flask  will  contain  when  full, 
will  give  the  weight  of  the  water  displaced  by  the  powder,  or  the  weight 
of  a  volume  of  water  equal  to  that  of  the  powder  in  the  bottle.  The 
sp.  gr.  will  be  found  by  dividing  the  weight  of  water  displaced  by  the 
weight  of  the  powder. 

The  sp.  gr.  of  liquids  is  obtained  by  means  of  the  flask  above 
mentioned,  called  a  picnometer  or  specific  gravity  fiask^  made  to 
contain  a  certain  number  of  grams  or  grains  of  water  at  some  selected 
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temperature  which,  with  the  capacity,  is  usually  mariLed  upon  it.    (See 
Fig.  I.)    To  take  the  sp.  gr.  of  a  liquid  it  is  only  necessary  to  weigh 
the  flask,  filled  with  the  Uquid  in  question  brought  to  the  requisite 
temperature,  deduct  the  weight  of  the  flask,  and  divide  the 
remainder  by  the  known  contents  of  the  flask.    The  sp.  gr. 
of  liquids  is  frequently  determined  also  by  an  instrument 
called  a  hydrometer. 

Hydrometers  are  long,  narrow,  glass  or  metal  tubes 
having  an  air  chamber  near  the  bottom,  to  make  them  float 
upright,  and  a  smaller  chamber  below  this  containing 
enough  mercury  or  small  shot  to  sink  them  to  a  convenient  p^.  i. 
depth  in  water.  The  hydrometer  (see  Fig.  2)  act^  upon 
the  principle  of  Archimedes,  that  a  body  specifically  lighter  than  a 
liquid  sinks  in  it  until  it  displaces  a  volume  of  liquid  whose  weight 
is  equal  to  its  own,  when  it  becomes  stationary.  The  long,  narrow 
stem  composing  the  upper  end  of  the  instrument  bears  a 
scale  indicating  the  sp.  gr.  by  the  depth  to  which  the 
scale  sinks  in  ^e  liquid. 

Hydrometers  are  of  two  kinds:  (i)  for  liquids  heavier 
than  water,  and  (2)  for  liquMs  lighter  than  water.  Special 
hydrometers  are  constructed  for  use  in  certain  special 
liquids,  and  some  with  a  scale  giving  arbitrary  degrees 
and  not  sp.  gr. 

The  Twaddell  hydrometer,  for  example,  used  for  liquids 
heavier  than  water,  is  so  graduated  that  the  degrees  on  the 
scale  multiplied  by  5  and  added  to  1000  give  the  sp.  gr. 
compared  with  water.  The  lactometer  is  a  hydrometer 
with  a  scale  specially  constructed  for  the  examination  of 
milk.  The  urinometer  is  a  hydrometer  whose  scale 
^^  ^  is  made  to  include  the  variations  in  sp.  gr.  found  in  urine. 
To  determine  the  sp.  gr.  of  liquids  with  the  hydrometer, 
it  is  only  necessary  to  drop  the  instrument  into  the  liquid,  which  must 
be  at  the  temperature  for  which  the  instrument  is  constructed, — ^which, 
in  this  country,  is  usually  60^  F., — and  then  read  off  the  sp.  gr.  on 
the  scale  at  die  surface  of  the  liquid.  (See  Appendix  for  table  of 
sp.  gr.  of  chief  liquids  of  U.  S.  P.) 

Molecular  Attraction.— Molecules  attract  one  another,  as  well 
as  masses.  When  molecules  of  the  same  kind  attract  one  another 
they  form  a  homogeneous  mass,  and  the  force  acting  between  them 
is  called  cohesion;  when  the  molecules  are  unlike  it  is  called  adhe- 
sion. A  body  on  being*  thrust  into  water  comes  out  wet,  because  the 
water  adheres  to  the  body;  but  if  you  attempt  to  pull  it  apart,  cohesion 
keeps  it  together. 
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Capillary  attraction  is  a  form  of  attraction  exhibited  by  fluids  in  contact 
with  small  tubes  thrust  into  them,  by  which  the  fluid  is  drawn  up  above  the  surface 
of  the  liquid  in  the  containing  vessel,  or  depressed  below  the  surface.  When  the 
fluid  rises  above  the  level  of  the  liquid  in  the  vessel  it  is  called  capillary  attraction, 
and  when  it  is  depressed  about  the  sides  of  the  tube  or  rod  it  is  called  repulsion. 
Capillary  attraction  is  the  result  of  adhesion  between  the  molecules  of  a  liquid  and 
the  material  of  the  tube,  rod,  or  vessel  wetted  by  it.  It  is  shown  best  by  very 
narrow  glass  tubes;  but  it  occurs  in  any  narrow  passage  wetted  by  the  liquid,  as  in 
the  pores  of  porous  bodies  or  membranes. 

Porosity. — Solid  and  liquid  bodies,  as  above  stated,  are  composed 
of  molecules,  in  active  motion,  and,  hence,  there  is  space  between 
them.  These  interspaces  are  called  pores,  and  the  body  is  said  to  be 
porous.    All  matter  is  porous,  and  possesses  the  property  of  porosity. 

Compressibility  is  the  property  of  being  compressed  into  a  smaller 
volume,  and  depends  upon  the  property  of  porosity.  By  compression 
the  molecules  are  brought  closer  together  and  the  size  of  the  pores 
is  diminished. 

Chemism. — Atoms  attract  one  another  by  a  force  called  chemism 
or  chemical  affinity.  Chemism  holds  atoms  together  to  form 
molecules.  It  b  to  the  molecule  what  cohesion  is  to  the  mass.  Like 
cohesion,  it  only  acts  across  inappreciable  spaces. 

Inertia  is  that  property  of  matter  by  virtue  of  which  it  has  no 
power  in  itself  to  change  its  condition.  This  term  is  often  incor- 
rectly limited  to  the  tendency  of  a  body  when  in  motion  to  continue 
in  motion,  and  when  at  rest  to  remain  so.  Chemical  or  physical 
changes  never  take  place  without  the  intervention  of  some  external 
agency. 

Extension  is  that  property  of  matter  by  virtue  of  which  it  occupies 
space.  The  volume  of  a  body  is  the  amount  of  space  it  occupies 
and  implies  extension  in  three  directions:  length,  breadth,  and  thick- 
ness. Extension  in  two  directions  gives  rise  to  square  measures,  and 
in  one  direction  to  linear  measures.  The  system  of  measures  and 
weights  in  use  in  all  scientific  works  is  that  known  as  the, metric  or 
decimal  sjrstem.  In  many  American  and  English  medical  books^ 
though  not  in  all,  the  English  system  is  employed,  while  all  nations 
of  Continental  Europe  use  the  metric  system;  so  that  it  is  requisite 
that  the  student  should  be  familiar  with  both.  The  unit  of  the  metric 
system  is  the  meter.  The  meter'*'  is  the  length  of  a  platinum  bar 
deposited  in  the  public  archives  of  France,  and  is  39.37  inches  in  length. 
The  measure  was  obtamed  by  taking  nr»inAr.Tnnr  P^^t  of  the  quadrant 
of  a  meridian  of  the  earth,  or  of  the  distance  from  the  equator  to  the 
pole.    The  ratio  of  increase  and  decrease  of  the  system  is  decimal, 

♦Also  spelled  "metre." 
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and  consequently  this  system  is  sometimes  known  as  the  decimal 
system.  The  multiples  of  all  the  measures  and  weights  are  denoted 
by  Greek  numerak,  used  as  prefixes,  as  will  be  seen  by  reference  to 
the  tables  of  weights  and  measures  in  the  Appendix.  Thus,  in 
measures  of  length  we  have  the  meter,  dekameter,  hectometer,  and 
kilometer.    The  subdivisions  are  denoted  by  the  Latin  numerak,  thus: 


Gbexx. 
Deka. 
Hekaton. 
Chilios. 
Muiias. 

Latin. 
Decern. 
Centum. 
MiUe. 

Emoush. 
Ten. 

One  hundred. 
One  thousand. 
Ten  thousand. 

The  decimal  subdivisions  and  multiples  give  a  simplicity  to  the 
tables  which  enables  them  to  be  easily  learned  and  remembered,  and 
brings  into  use  in  all  calculations  the  easiest  arithmetical  processes. 
In  square  measure,  measures  of  capacity  or  volume,  and  measures  of 
weight  but  few  denominations  are  in  common  use.  In  linear  measure 
the  meter,  centimeter,  and  millimeter  are  denominations  in  common 
use.  The  micromillimeter  or  micron  is  the  j-^  of  a  millimeter 
and  is  often  indicated  by  the  symbol  n.  It  is  used  chiefly  in  micro- 
scopic measurements. 

The  litefy  or  cubic  decimeter,  is  equal  to  looo  cubic  centimeters. 
The  cubic  centimeter  (abbreviated  c.c.)  and  tenths  of  c.c.  are  the 
only  denominations  in  conmion  use  for  quantities  less  than  the  liter. 
The  half-liter  and  quarter-liter  are  also  used.  Measures  of  weight  are 
derived  from  measures  of  volume,  as  follows: 

The  gram,  or  gramme,  the  unit  of  weight,  is  the  weight  of  one 
C.C.  of  distilled  water,  weighed  in  a  vacuum,  and  at  the  temperatures 
of  4®  C.  (39.2**  F.),  the  temperature  at  which  water  has  the  greatest 
density.  Tlie  kilogram,  gram,  and  milligram  are  the  only  denomina- 
tions conmionly  used  by  chemists. 

Theoretically,  the  unit  of  weight  is  derived  from  that  of  capacity, 
as  above;  but  the  gram  is  really  determined  by  reference  to  a  standard 
kilogram  weight  adopted  by  the  French  Government. 

The  capacity  of  vessels  is  determined,  not  by  measure,  but  by 
weighing  the  pure  water  they  will  hold  at  a  selected  temperature. 

A  liter  measure  is,  therefore,  a  vessel  that  will  hold  exactly  a 
kilogram  (1000  gms.)  of  pure  water  at  the  temperature  at  which  it  is 
to  be  used.  Measuring  instruments  are  usually  made  of  glass,  and  are 
made  to  hold  their  marked  contents  at  a  temperature  of  60®  F.  (15.5®  C.) 
or  62^  F.  (16.6°  C). 

The  following  table  will  be  found  convenient  to  memorize,  in  order 
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to  facilitate  mental  calculations  where  approximate  values  only  are 
desired: 

I  Meter        —  39.37  inches      —  3J  feet 

I  Decimeter  »  10  centimeters  »  4  ia 

I  Liter  —  i  quart  —  2  pints. 

I  Gram         —  15)  grains. 

I  Kilogram   »  2.2  pounds  avoirdupois. 

I  Grain         »  0.065  gnun. 

3  j  or  f  3  j      "-  4  grams,  or  4  c.c. 

8j  or  f  8j     —  30  grams,  or  30  cc. 

The  Metric  System  in  Prescriptions.— In  prescription  writing  it  will  he 
found  convenient  to  adopt  the  following  rule  where  the  doses  have  been  learned  in 
grains:  Make  f Sj  equal  thirty  c.c. — In  a  two-ounce  mixture  (sixty  ex.),  when  a 
ieaspoon/ul  is  io  be  given  as  a  dose,  write  as  many  grams  as  there  are  grains  or 
minims  required  in  each  dose.  Thus,  suppose  it  be  desued  to  write  for  a  two-ounce 
mixture  containing  fifteen  grains  of  potassium  bromide  in  each  fluidrachm;  it  would 
be  written: 

GSAMS. 

R.    Potass,  bromidi, islooo 

Aquae, 60I000,  or  60  cc. 

M.    Sig. — 4  c.c.  ter  die. 

A  f  Siij  mixture  would  be  written  with  one  and  one-half  times  as  many  grams 
as  there  are  grains  required  in  each  dose: 

GSAMS. 

R.    Potass,  bromidi, a^koo 

Aquae, 90I000,  or  90  cc. 

M.    Sig. — 4  c.c.  ter  die. 

The  perpendicular  line  is  here  used  to  occupy  the  position  of  the  decimal  point, 
and  to  separate  grams  from  milligrams. 

It  is  customaipr  with  some  pharmacists  to  weigh  all  quantities  written  as  above, 
instead  of  measunng  them.  In  such  cases  it  is  well  to  remember  that  liquors  have 
very  nearly  the  same  sp.  gr.  as  water,  excepting  those  containing  the  salts  of  the 
heavy  metols.  The  syrups  and  glycerita  have  a  sp.  gr.  of  about  i^.  The  tinc- 
tures have  a  sp.  gr.  of  about  0.9.  In  cases  of  doubt  about  the  sp.  gr.,  direct  the 
quantity  in  cubic  centimeters,  when  it  will  be  measured. 
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Three  States  of  Matter. — The  same  body  may  exist  in  three 
6tates :  as  a  solid,  liquid,  or  gas.  Nearly  all  solid  bodies  can  be  changed 
into  the  liquid  or  gaseous  state  by  the  application  of  heat.  For  ex- 
ample, when  ice  is  heated  it  melts  and  assumes  the  liquid  form;  if  we 
apply  heat  to  the  water,  it  expands,  is  converted  into  steam,  and  tends 
to  escape  from  the  vessel  containing  it.  If  we  confine  the  steam,  it 
exerts  a  strong  pressure  upon  the  walls  of  the  vessel,  which  increases 
with  the  temperature.  This  and  other  similar  facts  have  led  to  the 
adoption  of  the  word  force  to  express  the  nature  of  heat.    The  term 
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lieat  force  may  often  be  found  in  works  on  ph3rsics.  The  capacity 
which  this  force  possesses  of  performing  woik  is  known  as  energy. 
Cohesion  has  been  defined  as  that  force  or  attraction  which  acts  between 
similar  molecules  to  hold  them  together  to  form  a  body  or  mass.  From 
the  above  illustration  we  see  that  heat,  whatever  it  may  be,  acts  in 
opposition  to  cohesion,  and  even  destroys  it  altogether,  driving  the 
molecules  off  into  space.  We  have  in  this,  then,  the  explanation  of 
the  three  states  of  matter.  In  the  solid  state,  cohesion  is  greater 
than  the  opposite  repellent  force  of  heat,  and  the  molecules  are  in 
very  dose  apposition.  In  the  liquid  state,  cohesion  and  the  repellent 
force  are  nearly  equal,  the  molecules  being  free  to  move  in  any  direction 
and  to  obey  the  kw  of  gravity — i.  «.,  they  all  tend  to  seek  the  k>west 
level.  In  the  gaseous  state,  the  repellent  force  of  heat  has  entirely 
overcome  the  attraction  of  the  molecules  for  one  another;  hence,  they 
tend  to  fly  off  into  space,  and  will  do  so  imless  confined  in  a  vessel. 
If  we  withdraw  the  heat  from  a  gas,  or  if  we  compress  it  sufficiently, 
we  may  reduce  it  to  a  liquid,  and  in  many  cases  to  a  solid — i.  «.,  we 
bring  cohesion  into  play  again. 

It  will  be  easy  to  understand,  from  the  above,  that  the  molecules  must  be  farther 
apart  in  steam  than  in  water,  and  in  water  than  in  ice.  What  is  true  of  water  is  true 
ci  all  bodies  capable  of  existing  in  the  three  states;  for  heat  expands  all  bodies, 
whether  solid,  hquid,  or  saseous,  although  not  to  the  same  extent  Gases  expand 
more  than  liquids  or  solids  for  the  same  rise  in  temperature. 

Gases. — Gases  are  more  simple  in  their  constitution  than  either 
liquids  or  solids,  and  hence  we  get  a  better  knowledge  of  their  structure. 

Critical  Temperature. — As  stated  above,  all  gases  can  be  con- 
densed to  liquids  if  we  can  secure  a  suffidendy  low  temperature  and 
enou^  pressure.  Pressure  alone  will  not  succeed,  nor  will  tempera- 
ture alone.  It  is  found  that  every  gas  has  a  critical  temperature 
— i.  c,  a  temperature  below  which  it  can  be  condensed  to  a  liquid, 
and  above  which  it  can  be  compressed  without  liquefaction.  This 
temperature  is  not  the  same  for  all  gases.  The  following  is  a  list  of 
a  number  of  die  conunon  gases,  with  their  critical  temperatures: 

Nitrogen — 146.0®  C.      Nitrous  oxide 35.4®  C. 

Carbon  dioxid 31.9®  C.      Ammonia 130.0®  C. 

Oxygen — 1 18.8®  C.      Chlorine 141.0®  C. 

Carbon  monoxide — 140.0®  C.      Sulphur  dioxide i5S-4®  C. 

Acetylene 37.0®  C. 

Tension  of  Gases.— The  tendency  of  a  confined  gas  to  escape 
is  called  its  tension  or  pressure.  From  the  last  article  it  will  be  under- 
stood diat  the  molecules  of  a  gas  are  continually  bombarding  the  walls 
of  a  vessel  containing  it    Tlie  effect  of  these  bombardments  is  to 
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produce  an  expansive  tendency  upon  the  walls  of  the  vessel,  which 
is  usually  balanced  by  a  similar  bombardment  of  the  molecules  of 
the  air  on  the  outside. 

When  the  tension  or  pressure  of  a  gas  is  much  above  that  of  the 
surrounding  atmosphere,  it  is  usually  measured  by  a  pressure-gage. 
Usually,  however,  gases  are  handled  at  the  pressure  of  the  air.  As 
we  shall  see  later,  it  is  important  to  have  some  ready  and  accurate 
method  for  measuring  the  pressure  the  atmosphere  exerts  upon  other 
gases,  and  which  determines  their  tensions.  For  this  purpose  the 
barometer  is  used.  A  barometer  is  a  thick  glass  tube  about  thirty- 
six  inches  long,  sealed  at  one  end,  and  bent  upon  itself  near  the  other 
end  so  as  to  leave  the  long  arm  a  little  more  than  thirty  inches  in 
length.  The  long  limb  is  now  filled  with  pure  mercury,  inverted,  and 
the  mercury  boiled  throughout  the  entire  length,  to  expel  all  air.  On 
reinverting  the  tube  a  part  of  the  mercury  runs  down  into  the  shorter 
arm,  until  that  in  the  longer  stands  about  thirty  inches  (760  mm.) 
above  that  in  the  shorter.    It  is  now  only  necessary  to 

k  mount  the  tube  and  provide  some  means  of  measuring 
the  difference  in  height  between  the  surfaces  of  the 
mercury  in  the  two  arms.  In  the  instrument  repre- 
sented in  figure  3,  the  tube  is  graduated  at  two  points 
covering  the  variations  likely  to  be  met  with  in  the 
barometer.  The  scale  on  the  long  arm  is  made  by 
measurement  from  a  zero  point  on  the  short  arm,  and 
may  be  in  inches  or  millimeters.  The  short  arm  is 
graduated  from  the  zero  point  both  upward  and  down- 

Iward.  When  the  surface  of  the  mercury  in  the  short 
arm  is  above  the  zero  mark,  the  distance  in  inches  or 
millimeters  is  to  be  deducted  from  the  reading  on  the 
long  arm;  if  below  the  zero  mark,  the  two  readings 
are  to  be  added.  Other  methods  of  reaching  the  same 
result  are  in  use. 

The  greater  the  pressure  of  the  air  upon  the  mercury 
in  the  short  arm,  the  higher  will  it  raise  the  mercury  in  the  long  arm, 
and  vice  versa. 

By  means  of  the  barometer  we  may  measure  the  pressure  or  tension 
of  the  air. 

Law  of  Mariotte,  or  Boyle's  Law.— This  law  is  stated  as  follows : 
The  volume  of  a  confined  gas  varies  inversely  as  the  pressure 
brought  to  bear  upon  it,  when  the  temperature  remains 
constant;  that  is,  the  less  the  pressure  the  greater  the  volume,  and 
the  greater  the  pressure  the  less  the  volume.  Stated  algebraically  this 
law  is:  P  :  P' :  :  V  :  V,  whence  V  ==  -1-,  in  which  expression  P  and  P 
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Stand  for  two  different  pressures,  and  V  and  V  for  the  corresponding 
volumes.  The  pressure  exerted  upon  any  mass  of  gas  is  usually  that 
of  the  siUTOunding  atmosphere,  and  is  measured  by  a  barometer.  The 
normal  pressure  of  the  air  is  about  fifteen  poimds  to  the  square  inch, 
or  such  that  it  will  support  a  column  of  mercury  760  mm.  (thirty  inches) 
in  height  In  the  expression  of  pressures,  as  measured  by  this  instru- 
ment, the  height  of  the  column  of  mercury  is  employed  instead  of 
the  weight  of  the  column.  Thirty  inches  of  mercury  is  used  instead 
of  fifteen  pounds'  pressure.  Substituting  this  form  of  statement  in 
the  above  expression,  it  becomes  V  :  V  :  :  H' :  H  and  V  =  ^,  or 
V  H  =>  V  H^  in  which  H  and  H'  stand  for  the  height  of  the  barometric 
column. 

Example, — ^A  certain  volume  of  air,  at  a  |»ressure  of  742  mm.,  measures  540  c.c; 
what  will  it  measure  at  760  mm.  ?    By  substttuting  these  nimibers  for  H,  V,  and  H' 

in  the  above  formula  we  have  V  —  — r^ —  —  527.2  cc;  or  540  c.c.  :  x  : :  760  : 
742,  in  which  z  —  537.2. 

Since  a  gas  undergoes  such  great  variations  in  volume  under  varied 
pressures,  it  is  necessary  to  state  the  pressure  when  a  given  volume 
of  gas  is  mentioned,  or,  as  is  commonly  done,  to  have  an  arbitrary 
standard  of  pressure  under  which  all  gases  are  supposed  to  be  meas- 
ured, when  not  otherwise  stated.  The  pressure  which  has  been  adopted 
is  760  mm.,  or  thirty  inches  of  barometric  pressure.  This  is  called 
the  standard  pressure. 

Tbe  Law  of  Charles  or  of  Gay-Ltissac— The  volume  of  a 
gas  varies,  not  only  with  the  pressure,  but  it  also  varies  with  the  tem- 
perature. The  hotter  the  gas,  the  greater  its  volume,  and  the  cooler 
the  gas,  the  smaller  its  volume;  or  die  volume  of  a  gas  under  con- 
stant pressure  varies  directly  with  the  absolute  temperature. 
This  is  known  as  the  law  of  Charles,  or  sometimes  as  the  law  of  Gay- 
Lussac. 

All  gases  expand  or  contract  equally  for  the  same  increase  or  de- 
crease of  temperature.  A  gas  expands  -j^j  of  its  volume  in  passing 
from  c*"  C.  to  i*'  C,  or  ^fr  of  its  volume  for  i*"  F. 

Now,  since  a  gpis  expands  ^\j  of  its  volume  at  o^  C.  for  every  degree  above 
zero,  we  may  regard  a  gas  at  o**  C.  as  having  been  wanned  through  2  73**  C.  In  other 
words,  273^  below  zero  must  be  regarded  as  the  absolute  zero,  at  which  temperatiire 
all  gases  should  be  reduced  to  liquids,  or  to  the  smallest  possible  space. 

If,  therefore,  273^  be  added  to  the  temperature  of  a  gas,  we  obtain  the  absolute 
temperature,  or  the  nimiber  of  degrees  it  is  above  the  absolute  zero. 

Bearing  this  in  mind,  the  law  of  Charles  may  be  stated  as  follows:  273  +  T 
(the  temperature  of  the  gas  when  measured)  :  273  +  T'  (the  altered  temperature) 
:  c  V  (the  measured  volume  of  gas)  :  V  (the  new  or  required  volimie).  Or,  T®  ; 
T®' :  :  V  :  V  when  T®  and  T"  stand  for  the  absolute  temperatures. 
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Example.— A  given  volume  of  gas  at  20**  C.  measured  55  cc  What  would  it 
have  measured  at  o^  C.  ? 

SkUemeiU, — 273  +  20  :  273  +  o  :  :  55  :  x,  the  required  volume.  Or,  293  :  273 
:  :  5j  :  X  =  51.2  cc.    Ans. 

Now,  smce  the  fraction  ^\j  when  reduced  to  the  decimal  form  becomes 
0.003665,  it  is  plain  that  i  cc.  of  any  gas  at  o**  becomes  1.003665  cc  at  i®  C, 
1.00733  *t  2®  C,  and  I  4-  n  times  0.00366  at  a  temperature  of  n®  C. 

Whence  the  formula  may  be  stated:  V,  or  the  new  volume,  equals  V,  or  the 
known  volume,  multiplied  by  i  +  (0.00366  X  (f  —  t) ),  in  which  t  and  t'  stand  for 
the  observed  and  required  temperatures  respectively,  when  t'  is  greater  than  t;  t.  e., 
when  the  change  of  temperature  is  from  a  lower  to  a  higher  temperature. 

When  t'  is  less  than  t,  or  when  the  reduction  is  ^m  a  higher  to  a  lower  tempera- 

ture,  the  fonnuU  becomes  V  -  _p^— ^^^j—^. 

Since  V  and  V  are  common  to  these  two  equations,  and  to  the  one  used  on 
preceding  page,  for  correction  of  gaseous  volumes  for  changes  in  pressure,  we  may 

combine  the  equations  as  follows:  V  —  V  X  (1  -f  0.00366  (f— -t))  X  5-^  where 
(f —  t)  is  a  phis  qxiantity,  and  V  —  h^  (,  -l  o  00366  (t^— t )  )»^^^^  ^®  reduction  is  from  a 
higher  to  a  lower  temperature.  These  formuls  may  be  used  for  corrections  for  both 
temperature  and  pressure  at  the  same  time. 

Example, — ^A  given  volume  of  air  at  740  mm.  and  15^  C.  measured  452  cc; 
what  will  it  measure  at  760  nun.  and  o^  C.  ?    Substituting,  we  have: 

V  - ^^'  X  7^ -  AI7  2  c  c 

^       760  X  (I  +  (0.00366  X  IS) )      *  '     ^•^* 

A  third  law  of  gases  is  stated  as  follows:  The  pressure  or  tension 
of  a  given  mass  of  gas,  at  constant  volumey  varies  directly  as  the 
absolute  temperature. 

Standard  Temperature  and  Pressure.-^Variations  in  tem- 
perature and  pressure  produce  such  important  variations  in  volume 
that  it  is  frequently  necessary,  when  comparing  observations,  to  reduce 
them  to  some  standard  temperature  and  pressure.  The  standard 
temperature  used  by  most  scientific  men  is  o^  C.  But  60^  F., 
corresponding  to  15.5**  C,  being  about  the  ordinary  temperature  of 
the  air,  is  sometimes  found  to  be  more  convenient,  and  is  sometimes 
used.  By  standard  conditions  of  temperature  and  pressure 
are  meant  o^  C.  and  760  mm.  pressure. 

Constitution  of  Gases.--Law  of  Avogadro  or  Ampere.— 
This  law  states  that  equal  volumes  of  all  bodies  in  the  state  of 
gas,  and  at  the  same  temperature  and  pressure,  contain  the  same 
number  of  molecules. 

As  a  necessary  deduction  from  the  law  it  follows:  (i)  That  all 
gaseous  molecules  occupy  the  same  space.  (2)  That  the 
weights  of  equal  volumes  of  any  two  gases  are  to  each 
other  1^  the  weights  of  their  molecules;  or,  in  other  words, 
the  specific  gravities  or  densities  of  any  two  gases  must  be 
to  each  other  as  the  weights  of  their  molecules.     This  law  is 
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of  vast  importance  to  the  chemist,  and  is  considered  the  basis  of  most 
of  the  modem  notions  of  chemistry.  Although  it  would  be  out  of 
place  here  to  enter  into  such  a  discussion,  this  law  is  o^ble  of  mathe- 
matical proof,  starting  with  the  assumption  that  masses  are  composed 
of  molecules  in  a  state  of  motion. 

Siz»  and  Wei^^t  of  MolecolM.— That  mokoiles  actually  exist,  and  that 
they  are  in  constant  motion  in  straight  lines  within  the  gas,  there  seems  to  be  at 
present  little  room  for  doubt.  Various  recent  experiments,  drawn  from  many 
sources,  have  given  us  proof  of  these  facts.  Starting  from  certain  well-established 
facts,  physicists  have  been  able  to  calculate  the  absolute  number  of  molecules  in  a 
given  space,  their  absolute  wei^t,  size,  velocity,  and  spaces  between  two  neigh- 
boring molecules. 

According  to  these  calculations,  a  cubic  centimeter  of  air  contains  twenty-one 
trillions  of  molecules;  and  according  to  the  law  of  Avocadro,  all  other  gases  must 
contain  the  same  number  in  the  same  volume.  Ten  trimons  of  air,  or  144  trillions 
of  hydrojp^  molecules,  will  weigh  one  miUigram.  The  mean  velod^  of  the  mole- 
cule of  air  at  o*>  C.  (32**  F.)  is  485  meters  (1591  ft)  per  second;  and  of  a  molecule  of 
hydrogen  sas  is  1S44  meters  (6050  ft.)  per  second.  Of  course,  with  this  inconceivable 
number  of  molecules  in  the  smiall  space  of  one  c.c,  and  all  moving  at  the  velocity 
mentioned,  no  one  molecule  could  move  long  in  one  direction  without  colliding 
with  another  molecule.  The  number  of  shcKks  that  each  molecule  receives,  in 
the  case  of  h3rdrogen  gas,  Jias  been  calculated  to  be  9480  millions  per  second,  while 
the  mean  distance  a  molecule  moves  in  its  path  before  colliding  is  about  0.0001855 
nun.,  which  may  be  taken  as  the  distance  between  two  molecules.  The  diameter  of 
the  water  molecule  —  0.00000044  mm.  Free  path  —  0.0000649  mm.  Although 
these  numbers  give  us  no  real  conception  of  the  magnitudes  they  represent,  th^  are 
given  here  to  show  the  tendency  of  research  and  the  advances  being  made.  These 
numbers  apply  to  gases  only. 

Radiant  Matter. — When  the  pressure  is  removed  from  gases  the 
molecules  are  allowed  to  go  farther  apart;  and  while  the  distance 
between  the  molecules  of  air  at  the  ordinary  atmospheric  pressure 
is  a  little  less  than  a  ten-thousandth  part  of  a  millimeter,  it  may 
reach  several  centimeters  when  the  pressure  is  reduced  by  a  vacuum 
pump  to  a  millionth  of  an  atmosphere.  Such  a  rarefied  gas  has  new 
properties,  and  has  received  the  name  of  radiant  matter,  by  Mr. 
Crookes.  Under  the  influence  of  a  ray  of  light,  heat,  or  an  electric 
discharge  sent  through  the  rarefied  gas  (pressure  one-millionth  of  an 
atmosphere),  negative  electrons  or  corpuscles,  in  the  case  of  electricity, 
seem  to  launch  forth  in  a  direct  line  from  the  negative  pole  toward  the 
positive.  If  a  light  disc  be  placed  in  this  path,  it  is  bombarded  by 
these  electrons  on  the  side  presented  to  the  negative  pole,  and  thus 
it  receives  a  sufficient  impulse  to  render  the  motion  visible  to  the  eye. 

The  radiometer  (Fig.  4)  consists  of  a  glass  globe  as  completely 
exhausted  of  air  as  possible,  containing  a  vane  holding  four  discs  of 
mica,  blackened  on  one  side,  and  delicately  suspended  upon  a  point, 
80  as  to  revolve  with  as  little  friction  as  possible.    On  bringing  the 
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globe  into  a  strong  light  or  near  a  source  of  heat  the  vane  begins  to 
revolve,  because  of  the  bombardment  of  the  discs.  The  dark  surface 
moves  in  the  path  of  the  light,  the  heat,  or  negative  electric  discharge. 
Diffusion  of  Gases. — If  two  gases  be  brought  in  contact  with 
each  other  by  inverting  one  jar  over  the  other,  as  represented  in  figure 
5,  the  gases  will  not  long  remain  separate,  but  will  quickly  mingle 
so  as  to  make  a  uniform  mixture  throughout  both  jars.  This  property 
of  guises  is  called  diffusion.    The  diffusion  of  gases  will  also  take  place 
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if  they  are  separated  by  a  porous  wall  of  earthenware,  stone,  or  parch- 
ment, by  the  passage  of  the  gas  through  the  pores.  A  convenient 
method  of  illustrating  this  phenomenon  is  to  take  an  unglazed  earthen- 
ware cup,  such  as  is  used  in  a  Bunsen  battery  cell,  invert  it  in  a  funnel 
provided  with  a  long  stem,  and  fasten  it  in  place  by  a  paste  made  of 
plaster-of-Paris.  The  lower  end  of  the  funnel  tube  is  passed  through 
a  doubly-perforated  cork  into  a  bottle  containing  water,  as  shown  in 
the  accompanying  figure.     (See  Fig.  6.)     On  bringing  a  bell-jar  of 
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hydrogen  or  illuminating  gas  over  the  porous  cup,  the  air  in  the 
funnel  will  be  forced  out  below,  and  may  be  seen  to  escape  in  bubbles 
through  the  water. 

Graham's  Law  of  Diffusion.—According  to  this  law,  the 
velocity  of  diffusion  of  different  gases  is  inversely  propor- 
tional to  the  square  roots  of  their  densities. 

As  an  illustration  of  the  truth  of  this  law  we  may  compare  the  rates  of  diffusion 
of  hydrogen  and  ozjrgen.  By  measurement  it  has  been  foimd  that  hydrogen  diffuses 
four  times  faster  than  oxygen.  Their  densities  are  known  to  be  x  and  i6;  and  the 
square  roots  of  these  numbers  are  i  and  4.  It  will  thus  be  seen  that  the  rates  of 
diffusion  are  inversely  as  these  last  ntmibers. 

The  phenomena  of  diffusion  admit  of  easy  explanation  on  the  assumption  that 
the  molecules  of  gases  are  in  a  state  of  rapid  motion.  Moreover,  it  is  pudn,  since 
a  given  volume  of  all  gases  contains  the  same  number  of  molecules,  at  the  same  tem- 
perature and  pressure,  that  the  moving  power  of  all  molecules  under  these  conditions 
must  be  the  same;  for  the  pressure  brought  to  bear  on  the  gas  is  balanced  by  the 
impact  of  its  molecules,  or  its  elasticity.  To  produce  the  same  effect  against  the 
walls  of  the  vessel,  lighter  molecules  must  move  faster  than  the  heavier  ones,  and 
more  impacts  occur  in  a  dven  time.  If  M  be  taken  as  the  weisht  of  a  given  mole- 
cule and  V  its  velocity,  mV  will  express  its  momentum.  But  the  pressure  depends 
not  only  on  the  momentum  of  the  molecules,  but  on  the  number  of  blows  delivered 
by  each  molecule  in  a  given  time,  which  will  depend  upon  the  velocity  of  the  mole- 
cules. Hence,  MV  X  V  will  represent  the  pressure  of  the  gas*  Suppose  this  pres- 
sure be  some  constant  unit  of  pressure,  say  the  pressure  of  the  air,  represented  by  i. 

ThenMV^  -  i,  and  V  -2,orV  --4^.    Now  M,  which  represents  the  weight 

of  the  molecule,  also,  according  to  Avogadro's  law,  represents  the  density  of  the  gas 
in  question. 

The  above  formula  may  therefore  be  written: 

V  —  -7^  instead  of  V  —  -7^7 
V  D  VM. 

For  any  two  gases  the  velocity  of  whose  molecules  are  represented  by  V  and  V^ 

V:V'::i/i5':v^D; 

which,  stated  in  words,  becomes:  The  velocities  of  diffusion  of  any  two  gases  (the 
velocities  of  their  molecules)  vary  inversely  as  the  square  root  of  their  densities,  which 
is  Graham's  law.  The  densities  of  hydrogen  and  oxygen  are  known  to  be  i  and  16, 
respectively,  and,  therefcH^  the  velocities  of  their  molecules  must  be  as  the  square 
roots  of  these  numbers,  or  as  4  to  i ;  or  the  molecule  of  hydrogen  must  move  four 
times  as  hst  as  that  of  oxygen.  The  comparative  velocities  of  other  molecules  may 
be  calculated  in  the  same  way — from  their  densities. 


HEAT. 

Kature  of  Heat. — As  nearly  as  we  can  conceive,  the  phenomena 
and  sensations  to  which  we  apply  the  term  heat  are  the  manifestations 
to  our  senses  of  the  motion  of  the  molecules  of  matter  partially  dis- 
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cussed  in  the  last  sections.  Besides  producing  the  sensation  of  heat» 
it  acts  variously  on  bodies;  it  boils  water,  melts  iron,  makes  the  metals 
give  out  light,  electricity,  etc. 

It  was  formerly  supposed  that  heat  was  a  form  of  matter— a  subtle 
fluid  which  could  flow  from  one  part  of  a  body  to  another  or  through 
the  air.  We  still  retain  some  of  the  forms  of  expression  used  while 
that  theory  was  held,  such  as  conduction^  convectiony  absorption, 
emission,  radiation,  etc.,  the  theory  itself  being  entirely  aban- 
doned. We  now  regard  heat  as  a  manifestation  of  one  form  of  mo- 
lecular motion.  The  more  rapid  the  motion  of  the  molecules  of  any 
given  body,  the  higher  the  temperature. 

Many  of  the  phenomena  of  heat  may  be  beautifully  illustrated  by  means  of  a 
ball  attached  to  an  elastic  india-rubber  string  held  in  tiie  hand.  The  ball  may 
represent  the  molecule;  the  string,  the  elastic  cohesive  force  which  acts  between 
molecules;  and  the  force  applied  by  the  hand  to  make  the  ball  revolve  about  it,  the 
force  of  heat. 

The  sources  of  heat  are  the  sun,  the  stars,  the  interior  of  the 
earth,  chemical  action,  and  the  conversion  of  chemical  or  molecular 
motion  into  heat.  Chemical  action  is  the  most  important  artificial 
source  of  heat. 

The  earth  receives  but  about  two  thousand  millionths  of  the  heat  of  the  sun, 
and  the  fixed  stars  are  estimated  to  furnish  about  four-fifths  as  much  as  the  sun. 
The  amount  of  heat  annually  received  from  the  sun  would  melt  a  layer  of  ice  loi 
feet  thick  surroimding  the  earth.  The  internal  heat  of  the  earth  has  some  effect 
upon  our  temperature,  but  not  a  very  important  one,  as  the  crust  of  the  earth  does 
not  conduct  heat  well.  When  the  heat  produced  by  chemical  action  is  intense,  and 
accompanied  by  light,  the  bodies  are  said  to  bum.  The  heat  produced  in  an  ordin- 
ary fire  is  due  to  the  chemical  action  going  on  between  the  oxygen  of  the  air  and 
^e  carbon  and  hydrogen  of  the  fuel.  Animal  heat  is  largely  due  to  a  similar 
cause — that  is,  to  chemical  action  going  on  in  the  muscles,  glands,  brain,  and,  in 
fact,  all  the  tissues;  not,  as  formerly  taught  by  Liebig,  by  direct  combustion  of  the 
food  by  the  oxygen  of  the  air,  but  by  oxidation  of  the  different  tissues  or  the 
disintegration  products  produced  whenever  they  are  called  upon  to  exercise  their 
functions. 

Mechanical  force  may  be  converted  into  heat,  as  when  the  axle  of  a  railroad 
coach  becomes  hot,  or  when  the  brakes  are  applied  to  the  wheels,  or  when  a  piece  of 
steel  strikes  a  piece  of  flint.  These  phenomena  may  be  illustrated  with  the  ball  and 
string  above  mentioned,  by  allowing  some  one  to  strike  the  ball  while  it  is  swinging, 
so  as  to  drive  it  faster  on  its  course.  This  is  what  takes  place  when  the  steel  comes 
in  contact  with  the  flint. 

Mechanical  Equivalent  of  Heat. — ^There  is  an  intimate  rela- 
tionship between  heat  and  mechanical  motion.  They  are  capable  of 
being  converted,  the  one  into  the  other.  The  friction  of  the  match 
against  a  roughened  surface  produces  enough  heat  to  ignite  it.  Heat, 
on  the  other  hand,  is  converted  into  motion  by  the  expansion  of  steam, 
which  drives  the  steam-engine.    It  has  been  determined  that  a  certain 
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amount  of  heat  has  its  exact  equivalent  of  work.  The  unit  of  work 
is  the  foot-pound  (the  power  required  to  raise  one  pound  one  foot  high) 
or  the  kilogram-meter.  The  unit  of  heat  is  the  heat  necessary  to  raise 
one  pound  of  water  from  o**  C.  to  i®  C. 

The  Measurement  of  Heat. — Heat  may  be  measured  by  its 
effects  in  fusing  ice,  volatilizing  water,  or  raising  or  lowering  tempera- 
ture. The  method  usually  employed  is  to  obs^ve  how  many  degrees 
a  known  weight  of  water  will  be  warmed  by  the  source  of  the  heat  to 
be'  measured.  The  operation  is  conducted  in  a  calorimeter,  for  a 
description  of  which  see  p.  547.  The  thermal  unit  is  the  amount 
of  heat  required  to  raise  i  pound  of  water  i**  C. 

The  unit  of  heat  now  almost  universally  used  in  chemical  and 
physiological  work  is  the  calorie,  or  the  heat  consumed  in  raising 
one  kilogram  of  water  from  o^  C.  to  i^  C.  The  calorie  is  equal  to 
3.2  thermal  units.  This  is  known  as  the  greater  or  kilogram  calorie. 
The  smaller  calorie  is  also  used,  and  is  the  amount  of  heat  necessary 
to  raise  one  gram  of  water  from  0°  C.  to  i^  C.  The  kilogram  calorie, 
if  it  could  all  be  made  to  do  mechanical  work,  would  be  sufficient 
to  raise  3077.6  poimds  one  foot  high;  or  the  calorie  is  equivalent  to 
3077.6  foot-poimds,  or  to  425.5  kilogrammeters.  The  thermal  unit  of 
heat  is  equivalent  to  0.45  calorie,  1390  foot-pounds  or  0.695  foot-ton. 

Effects  of  Heat.— One  of  the  first  effects  of  heating  a  body  is  to 
increase  the  velocity  of  the  movement  of  its  molecules,  drive  them 
farther  apart,  and,  hence,  expand  the  body.  This  is  the  effect  of  heat 
upon  all  bodies,  with  a  few  apparent  exceptions.  Silver  iodide  is  a 
notable  exception  to  this  rule.  To  understand  just  what  takes  place 
when  heat  expands  a  body,  let  us  return  to  our  ball  and  string  (p.  16) ; 
the  more  force  we  apply  to  it  from  the  arm,  the  more  rapidly  the  ball 
will  move;  as  it  does  so,  the  more  it  stretches  the  string  and  the  larger 
the  arc  it  describes.  If  we  apply  enough  force  the  string  will  break, 
and  the  ball  will  fly  off  into  space.     (Compare  p.  9.) 

Melting  and  Freezing  Points.— When  heat  is  applied  to  the 
molecules  Sie  cohesive  force  is  stretched  to  its  utmost  and  is  on  the 
point  of  breaking;  then  the  body  melts  and  becomes  a  liqtiid,  in 
which  state  the  two  forces  are  nearly  equal,  with  cohesion  slightly 
predominating.  The  temperature  at  which  a  body,  usually  solid,  passes 
into  a  liquid  state  is  called  its  melting  point.  If  more  heat  be  now 
applied,  the  cohesive  force  (represented  by  the  elastic  string  above) 
gives  way,  the  molecules  begin  to  fly  off  into  space,  and  we  say  the 
liquid  IxhIs  or  passes  into  the  gaseous  state.  If  the  heat  is  abstracted 
from  a  body  that  ordinarily  exists  in  a  liquid  state,  cohesion  more 
and  more  overcomes  the  heat  force  between  the  molecules  until  the 
body  contracts  and  passes  into  the  solid  state.  The  temperature  at 
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which  this  takes  place  we  call  the  freezing  point  of  the  body.  The 
freezing  point  of  solutions  of  solid  substances  in  water  is  lower 
than  that  of  the  solvent,  and  the  depression  is  proportional  to  the 
number  of  molecules  in  a  given  volume  of  die  solvent,  and  not 
to  the  weight  of  the  dissolved  body. 

Boiling  Point  of  Liquids.^The  boiling  point  of  a  liquid 
is  the  temperature  at  which,  in  an  open  vessel,  it  gives  off  vapor  rapidly 
from  the  whole  liquid,  or  the  temperature  at  which  the  tension  of 
its  vapor  becomes  equal  to  that  of  the  atmosphere.  The  boiling  point 
is  constant  for  each  liquid.  In  giving  a  description  of  a  liquid  the 
boiling  point  is  usually  given.  The  boiling  point  of  pure  water  is 
loo^  C.  (219^  F.),  and  is  nearly  constant  when  boiled  in  an  iron  vessel 
in  the  open  air.  It  is  slightly  higher  in  a  glass  or  other  vessel  with 
polished  walls,  because  the  steam  adheres  to  such  a  surface  until  it 
becomes  a  little  above  that  point,  or  is  slightly  superiieated.  The 
pressure  exerted  upon  the  surface  of  the  liquid  may  cause  the  tem- 
perature of  the  boiling  point  to  vary,  by  resisting  the  expansive  force 
of  the  molecules  and  aiding  cohesion  to  keep  them  together.  When 
considerable  pressure  is  brought  to  bear  upon  a  boiling  liquid  its  tem- 
perature rises  until  the  tension  of  the  steam  overcomes  this  pressure, 
and  it  becomes  superheated.  G)nversely,  if 
the  pressure  be  removed  or  lessened,  the  tem- 
perature at  which  the  liquid  will  boil  is  lowered. 
This  may  be  illustrated  by  the  e3^>eriment 
known  at  the  culinary  paradox. 

Take  a  flask  of  water,  and  after  boiling  it  vigor- 
ously for  a  few  minutes,  so  that  the  rising  steam  may 
expel  most  of  the  air,  cork  it  up  with  a  tightly  fitting 
cork,  when  the  boiling  will  cease;  remove  the  lamp 
and  turn  the  flask  bottom  upward  (See  Fig.  7.)  By 
pouring  cold  water  on  the  flask  the  steam  is  con- 
densed, the  pressure  is  removed  from  the  water,  and 
it  boils  vigorously.  Now  allow  the  steam  to  fill  the 
flask  above  the  water,  and  it  again  ceases  boiling.  A 
dash  of  cold  water  will  again  make  it  boil.  This  may 
be  repeated  until  the  water  becomes  cool  enough  to 
be  held  in  the  hand  with  comfort 

piQ.  7.  The  boiling  point  of  solutions  of  solid 

substances  is  higher  than  that  of  the  solvent, 
because  of  the  attraction  of  the  solid  for  the  molecules  of  the  vapor. 
Dissolved  substances  act,  then,  like  pressure  to  raise  the  boiling  point. 
It  has  been  found  that  the  rise  in  the  boiling  point  of  a  solution 
is  proportional  to  the  number  of  molecules  of  dissolved  sub- 
stance in  a  given  voltmie  of  the  solution. 
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The  boiling  point  of  water  is  influenced  by  the  character  of  the 
containing  vessel,  the  molecular  concentration  of  dissolved  substances 
and  the  height  of  the  barometer  or  the  pressure  of  the  atmosphere 
upon  it.  As  the  height  of  the  barometer  diminishes  in  ascending  from 
the  surface  of  the  earth,  the  boiling  point  of  water  must  fall.  An 
ascent  of  about  1080  feet  lowers  the  boiling  point  of  water  i^  C.  By 
this  means  the  height  of  mountains  may  be  determined  within  a  few 
feet.  When  a  liquid  passes  off  into  vapor,  it  is  said  to  evaporate. 
Evaporation  from  liquids  takes  place  slowly  and  imperceptibly  at 
temperatures  below  their  boiling  points.  In  the  case  of  water,  for 
example,  there  is  some  evaporation  even  from  the  surface  of  snow 
and  ice.  The  moisture  of  the  air,  from  which  clouds,  rain,  snow, 
dew,  etc.,  are  formed,  is  carried  up  by  this  imperceptible  evaporation 
from  the  oceans,  lakes,  and  rivers. 

Distillation  and  Sublimation. — ^When  a  liquid  is  rapidly  evap- 
orated and  condensed  again  by  means  of  cold,  the  process  is  called 
distillation.  When  water  containing  solid  matters  in  solution  is 
evaporated,  the  solids  remain  in  the  vessel  while  the  water  only  is 
given  off.  By  reason  of  this  fact  we  are  able  to  prepare  perfectly 
pure  water  by  distillation.  When  a  mixture  of  two  or  more  liquids 
is  distilled,  that  having  the  lowest  boiling  point  begins  to  distil  first, 
leaving  the  others  behind.  During  the  rapid  evaporation  of  a  liquid 
its  temperature  remains  nearly  constant  at  the  boiling  point  until  it 
is  all  evaporated.  To  separate  a  mixture  of  liquids  having  different 
boiling  points,  it  is  only  necessary  to  heat  the  mixture  until  that  having 
the  lowest  boiling  point  begins  to  distil  off,  and  allow  it  to  remain  at 
that  temperature  until  it  has  all  passed  over  and  been  condensed.  The 
condenser  is  now  removed  and  another  attached;  the  temperature  is 
now  raised  imtil  another  portion  of  the  mixture  begins  to  distil  over, 
and  so  on  until  tbe  liquids  are  separated.  The  firet  process  seldom 
effects  a  perfect  separation,  owing  to  some  heavier  liquids  being 
carried  over  by  the  lighter  ones;  a  second  or  even  a  third  distillation 
is  often  necessary.  Tlie  above  process  is  called  fractional  distilla- 
tion. 

By  the  term  destructiye  distillation  is  meant  a  distillation, 
usually  of  dry  substances,  so  as  to  destroy  them  and  obtain  liquids 
or  gases;  as,  for  example,  the  distillation  of  coal  for  the  purpose  of 
preparing  illuminating  gas  and  liquids  to  be  used  for  various  purposes, 
and  the  distillation  of  wood  to  prepare  acetic  acid,  wood-spirit,  etc. 
Distillation  is  carried  on  in  a  retort  or  still,  and  the  vapor  is  condensed 
in  a  worm  or  condenser.  The  retort  or  still  is  the  vessel  in  which 
the  liquid  is  heated,  and  is  made  of  glass,  copper,  iron,  or  platinum. 
(See  Fig.  8.) 
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The  heat  is  applied  to  the  retort  or  still  until  the  liquid  boils.  The 
vapor  from  the  boiling  liquid  passes  through  the  beak  of  the  retort  into 
the  condenser,  which  is  always  kept  cool  by  means  of  cold  water. 

A  few  solid  bodies  when  heat^  do  not  melt  and  form  liquids,  but 
pass  directly  into  the  state  of  vapor.  Such  bodies  are  said  to  sublime^ 
and  the  process  is  called  sublimation. 

Iodine,  sulphur,  camphor,  and  ammonium  chloride  are  examples  of 
bodies  which  may  be  sublimed,  and  this  process  is  usually  employed 
for  their  purification. 

Latent  Heat. — It  is  evident  that  a  part  of  the  heat  force  applied 
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to  a  body  is  used  up  in  overcoming  the  force  of  cohesion  and  in 
expanding  the  body,  and  does  not  appear  in  the  actual  moving  power 
of  the  molecules. 

In  our  ball-and-string  illustration  (p.  16),  a  part  of  the  force  applied  to  the 
string  by  the  hand  is  expended  in  stretching  the  string,  or  finally  in  breaking  it, 
and  does  not  appear  in  the  moving  power  of  the  ball.  This  force,  which  is  ex- 
pended in  overcoming  cohesion,  and  in  keeping  the  molecules  apart,  does  not  appear 
in  the  temperature  of  a  body.  When  air  is  heated  and  allowed  to  expand,  about 
two-sevenths  of  the  heat  force  is  used  up  in  expanding  it.  If  we  apply  heat  to  a  vessel 
containing  ice,  the  temperature  of  the  water  formed  is  the  same  as  that  of  the  ice, 
although  considerable  heat  has  been  absorbed  in  the  melting  process.  One  kilogram 
of  ice  absorbs  80  calories  in  melting,  and  furnishes  water  at  the  same  temperature 
as  the  ice. 

Salt  and  ice  form  a  freezing  mixture,  because  the  salt  melts  the  ice  by  its  affinity 
for  water;  but  heat  is  absorbed  by  a  solid  when  it  becomes  a  liquid,  and  is  taken  up 
in  this  case  from  whatever  happens  to  be  in  contact  with  the  freezing  mixture  or 
vessel  containing  it.  Ice  machines  operate  on  the  principle  that  when  a  liquid 
evaporates  it  alMorbs  large  quantities  of  heat.  A  very  volatile  liquid  may  be  made 
to  evaporate  rapidly  by  placing  the  vessel  containing  it  under  the  receiver  of  an 
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air-pump  and  removing  the  pressure  frcHn  it  by  pumping  out  the  air  and  the  vapor 
as  fast  as  formed.  A  very  low  temperature  is  produced  in  this  way  in  and  about 
the  vessel  containing  the  liquid.  Place  a  few  drops  of  ether  upon  your  hand  and 
allow  it  to  evaporate  and  you  will  have  a  very  good  illustration  of  the  heat 
absorbed  by  an  evaporating  liquid.  Mitchell  obtained  a  temperature  of  — 146*^ 
F.  with  ether  and  solid  carbon  dioxide.  Vatterer  produced  a  temperature  of 
—  220^  F.  with  liquid  nitrous  oxide  and  carbon  disulphide.  Liquid  air  has  a  tem- 
perature of  — 312-  F.  while  evaporating. 

Latent  Heat  of  Vaporization. — When  pure  water  is  boiled  in  an 
open  vessel  it  does  not  rise  above  100°  C  (212*^  F.),  however  hot  the 
fire;  it  remains  at  100^  C.  until  it  is  all  evaporated.  What  has  become 
of  slU  the  heat  applied  to  the  water?  It  has  been  used  to  drive  the 
molecules  farther  apart,  and  is  locked  up  in  the  water  in  the  first  case, 
and  in  the  steam  in  the  second.  The  heat  thus  expended  or  locked  up  is 
called  latent  heat.  It  requires  heat  to  convert  a  solid  into  a  liquid 
or  a  liquid  into  a  gas.  The  reverse  is  equally  true,  that  heat  is 
given  out  when  a  vapor  becomes  a  'liquid  or  a  liquid  becomes 
a  solid.  A  kilogram  of  steam  contains  enough  latent  heat  to  raise 
I  kilogram  of  water  through  537**  C.  or  5.37  kilograms  through  100**  C* 
or  537  kilograuns  through  i**  C.  Steam  at  100*^  C.  is  then  said  to  con- 
tain 537  calories  of  latent  heat  The  latent  heat  of  water  is  used  as  a 
unit  for  the  measurement  of  heat. 

St>ecific  Heat.--The  relative  amount  of  heat  required  to 
raise  equal  weights  of  substances  through  equal  degrees 
of  temperature  is  called  their  specific  heat.  When  equal 
weights  of  two  given  bodies  are  exposed  to  the  same  source  of  heat 
they  do  not  both  rise  in  temperature  with  the  same  rapidity;  that  is, 
it  takes  more  heat  to  raise  a  pound  of  water  from  o**  C.  to  i**  C.  than 
it  does  to  raise  one  pound  of  mercury  through  the  same  change  of 
temperature.  Water  has  the  highest  specific  heat  of  any  known  sub- 
stance except  hydrogen  gas. 

Temperature.— From  the  above  it  will  be  seen  that  the  tempera- 
ture of  a  body  is  entirely  distinct  from  the  amount  of  heat  it  contains. 
Temperature  may  be  defined  as  the  tendency  a  body  possesses  of 
imparting  heat  to  surrounding  bodies.  It  is  this  tendency  which  gives 
to  our  senses  the  impression  Uiat  the  body  is  hot  or  cold ;  it  is,  there- 
fore, the  measure  of  its  sensible  heat,  or  heat  |hat  is  appreciable 
to  our  senses.  The  heat  which  a  body  contains  is  made  up  of  its 
sensible  heat  plus  its  latent  heat.  The  temperature  of  a  body  is  increased 
or  diminished  by  adding  to  or  withdrawing  sensible  heat  from  it.  As 
the  number  and  weight  of  the  molecules  of  a  given  body  are  constant, 
the  variations  of  temperature  must  mean  a  variation  in  the  velocity  of  the 
moving  molecules.  In  our  ball-and-striSg  illustration  it  will  be  indi- 
cated by  the  velocity  of  the  ball  in  its  path. 
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Thermometers. — Temperature  is  measu^  by  an  instrument 
called  a  thermometer.  Thermometers  are  usually  constructed  of  a 
dosed  glass  tube,  provided  with  a  bulb  at  one  end  containing  a  liquid 
whose  expansion  or  contraction  is  used  to  indicate  the  temperature.. 
It  is  also  provided  with  a  scale  to  mark  the  amount  of  contraction 
or  expansion  taking  place  in  the  liquid.  Liquids  are  usually  chosen, 
as  solids  expand  too  little  and  gases  too  much  to  be  convenient.  The 
liquids  commonly  used  are  mercury  or  alcohol;  of  these,  the  former 
is  most  extensively  used,  because  of  the  long  range  of  temperature 
between  its  freezing  and  boiling  points.  Pyrometers  are  instruments 
for  measuring  very  high  temperatures,  and  are  constructed  of  metal 
or  fire-clay  whose  melting  point  is  very  high. 

The  thermometric  scales  in  common  use  are  the  Fahrenheit,  Celsius 
or  Centigrade,  and  R^umur.  The  difference  in  these  scales  may  be 
seen  at  a  glance  by  reference  to  figure  9.  There  are  two  fixed  points 
in  all  of  them — the  temperattire  of  melting  ice  and  that  of  the  steam 
from  boiling  water.  These  two  points  must  be  determined  by  actual 
trial  on  every  instrument;  these  points  are  marked  on  the  glass  with  a 
file  or  diamond.  It  only  remains  to  divide  the  space  between  them 
into  a  certain  number  of  degrees,  according  to  the  scale  adopted.  In 
the  Centigrade  or  Celsius  and  in  the  R^umur  the  freezing  point  of 
water  is  marked  o^,  while  in  the  Fahrenheit  it  is  marked  32**. 
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—40" 


O 


-40" 


800 


-I4.a« 


The  point  at  which  the  mercury  rises  in  the  tube  when  the  latter 
is  plunged  into  steam  from  boiling  water  is  marked  100**  in  the  Celsius, 
212®  in  the  Fahrenheit,  and  80®  in  the  R^umur.  It  remains,  then, 
simply  to  divide  the  space  between  these  points  into  100  equal  parts 
in  the  first,  180  in  the  second,  and  80  in  the  third.    Chemists  gener- 
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ally  have  adopted  the  Centigrade  scale,  which  is  in  common  and  almost 
universal  use  for  scientific  purposes.  The  Fahrenheit  thermometer  b 
the  one  in  everyday  use  in  this  country.  The  R^umur  is  not  much 
used  in  this  country,  and  we  shall  not  use  it  in  this  book.  It  is  not 
difficult  to  change  the  readings  from  one  to  the  other  scale. 

It  will  be  seen  that  100^  C.  =  i8o<=»  F.,  i<>  C.  =  1.8^  F.,  or  i^  C. 
=  f*^  F.,  and  i^  F.  =  f*^  C.  We  must  remember,  however,  that  the 
o*^  mark  in  the  Fahrenheit  scale  is  32^  below  that  of  the  Celsius. 
In  converting  degrees  F.  to  degrees  C.  we  must  first  deduct  32®  from 
the  reading,  and  reduce  the  remainder,  or  those  above  the  freezing 
point  of  water.  While  in  changing  degrees  C.  to  ^.  we  must  add 
32^  to  the  result  to  obtain  the  true  reading. 

To  reduce  centigrade  degrees  to  Fahrenheit  degrees:  multiply 
the  C^  by  f  and  add  32.  To  reduce  Fahrenheit  degrees  to  Centi- 
grade :  Subtract  32^  from  the  reading  and  multiply  the  remainder  by  {. 

Thus,  io«>  C.  -  10  X  f  -  18  +  32  -  50*"  F.     41**  F.  -  41  — 3a  -  9  X  S  - 

The  Centigrade  and  Fahrenheit  degrees  will  both  be  given  in  this 
book. 

The  clinical  thermometer  or  fever  thermometer  is  a  short,  self-registering 
thermometer  designed  for  taking  bodily  temperatures.  It  is  made  self-registering 
by  softening  and  contracting  the  tube  above  the  mercury  bulb,  so  that  the  mercury 
can  be  pushed  through  this  narrow  tube  by  the  expansion  on  wanning,  but  the 
column  breaks  at  that  point  on  contraction  of  the  mercury,  leaving  the  column  of 
mercury  in  the  tube  at  its  highest  reading.  It  is  a  maximum  registering'  ther- 
mometer. 

LIGHT. 

Light  is  the  effect  upon  the  optic  nerve  produced  by  undulations 
of  an  exceedingly  subtle  and  perfectly  elastic,  continuous,  transparent, 
structureless  fluid  fillijig  all  space  and  called  the  luminiferous  ether. 
That  this  ether  really  exists,  pervading  the  spaces  between  the  molecules 
of  all  bodies,  and  being  many  million  times  more  elastic  than  air,  and 
so  light  that  it  offers  no  appreciable  resistance  to  the  earth  moving  11 00 
miles  a  minute  through  it,  was  at  first  a  hypothesis  advanced  to  explain 
certain  well-known  facts.  That  light  passes  from  the  sun  and  stars 
to  the  earth,  no  one  can  doubt;  and  yet,  without  some  assumption  like 
the  above,  we  can  not  conceive  how  it  does  so  unless  we  hold  to  a  former 
view,  which  taught  that  light  is  in  itself  a  form  of  matter,  without 
weight,  given  off  by  limiinous  bodies,  and  able  to  pass  through  glass, 
water,  rocks,  etc.  These  properties  are  contrary  to  all  known  laws 
of  ordinary  matter,  as  also  are  those  of  the  ether  assumed  in  the  other 
theory. 
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It  is  now  believed  that  a  wave  of  light  is  made  up  of  groups  of  lines 
of  electric  force  moving  with  the  velocity  of  light,  and  carrying  along 
some  of  the  ether  with  them;  and  that  the  movement  describe  by  a 
given  particle  of  ether  during  the  passage  of  the  light,  is,  in  the  main, 
an  oscillation  at  right  angles  or  perpendicular  to  the  direction  of  the 
ray  or  beam. 

Transmission  of  Light. — ^The  motion  of  a  ray  of  light  travels 
along  the  line  of  particles  very  much  in  the  same  way  that  it  passes 
along  the  line  of  ivory  balls  placed  in  contact  on  the  billiard  table 

when  a  ball  strikes  the  end  one  directiy 

f  f*,  ,  ,  ,  \       in  line  with  the  rest.    The  motion  or 

/  II  \         impulse  passes  along  the  line,  but  the 

/  \       ball  at  the  opposite  end  is  the  only 

one  seen  to  move. 


/ 


o(yK\^x^ 
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The  transmission  of  force  may  be  illus- 
trated by  placing  a  ruler  on  the  table,  holding 
it  firmly  in  place,  with  a  marble  in  contact  with 
one  end,  and  with  a  hard  body  striking  a  short, 
quick  blow  at  the  other  end.  The  stick,  as  a 
whole,  does  not  move,  but  the  jar  will  be  felt 
to  p)ass  under  the  hand  and  the  marble  will 
move  from  its  place. 

A  frequent  class-room  illustration  of  the 
transmission  of  force  is  that  represented  in  fig- 
ure lo.  A  number  of  wood  or  ivory  balls  are 
suspended  by  cords  so  that  they  touch  one  another  when  at  rest.  On  raising  A  to 
the  position  represented  in  the  cut  and  allowing  it  to  fall  against  the  ball  C,  none 
of  the  balls  are  seen  to  move  except  B,  which  is  carried  on  to  the  position  h.  As  it 
returns  to  strike  its  neighbor,  the  ball  A  is  thrown  ofiF  to  a  less  distance  than  it  was  at 
first  carried.     The  other  balls  remain  at  rest,  but  transmit  the  force  along  the  line. 

Color  and  Intensity. — It  is  evident  that  these  oscillations  may 
differ  in  rapidity  or  in  their  amplitude — u  e,,  comparing  them  to  the 
movements  of  a  pendulum,  they  may  vibrate  rapidly  or  slowly,  and 
they  may  swing  a  long  or  a  short  distance.  Upon  the  extent  and 
rapidity  of  these  oscillations  depend  two  important  differences  in  the 
effects  of  light  on  the  or^ns  of  vision — viz.,  color  and  brilliancy; 
the  brilliancy  depending  upon  the  force  of  the  blows  upon  the  retina, 
and  the  color  upon  the  number  in  a  given  time.  The  intensity  of 
light  varies  inversely  as  the  square  of  the  distance  from  the  source. 

We  have  an  analogous  fact  in  sound.  Here  we  can  more  easily  demonstrate 
the  truth  of  the  fact  that  the  intensity  of  the  sound  depends  upon  the  amphtude  of 
the  vibrations  of  the  molecules,  while  the  pitch  depends  upon  the  number  of  waves 
or  pulsations  which  reach  the  ear  in  a  given  time.  From  well-established  data  we 
are  able  to  calculate  the  rapidity  of  the  oscillations  which  produce  the  different 
sensations  of  color,  and  the  corresponding  lengths  of  the  etner  waves.  Some  of 
these  results  are  expressed  in  the  following  table: 
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Lensth  of  Waves  in  Fnc-  Number  of  Osdllatiou 

Color.  QoDS  of  a  Millimeter.  in  One  Second. 

Red 650  millionths.  477>ooo,ooo,ooo,ooo 

Orange 609  "  506,000,000,000,000 

Yellow 576  "  535»o«>,ooo,ooo,ooo 

Green 536  "  577,000,000,000,000 

Blue 498  "  622,000,000,000,000 

Indigo 470  "  658,000,000,000,000 

Violet 442  "  699,000,000,000,000 

The  color  of  an  object  depends  upon  the  character  of  the  light  it  reflects  or 
transmits  to  the  eye.  A  beam  of  white  light  is  composed  of  a  variety  of  different 
colored  lights  mingled  together,  as  can  he  shown  by  passing  it  through  a  prism 
of  glass  having  an  angle  of  60^,  by  which  it  is  decomposed  into  its  component  colors. 
When  a  body  looks  red  to  us,  it  is  because  it  absorbs  or  destroys  all  the  oscUlations 
of  the  white  light  except  those  which  give  us  the  sensation  of  redness.  If  it  be  blue, 
only  the  vibrations  that  give  us  the  sensation  of  blue  light  are  reflected.  Some 
bodies  and  solutions  reflect  one  color  and  transmit  another.  The  color  transmitted 
is  usually  the  complementary  color  to  the  one  reflected — t.  e.,  if  the  two  lights  are 
mixed  together  they  produce  the  sensation  of  white  light.  Thus,  red  is  comple- 
mentary to  bluish-green,  yellow  to  ultramarine,  orange  to  Prussian  blue.  If  a 
solution  of  nickel  salt  and  one  of  cobalt  are  cautiously  mixed,  the  color  of  the  one 
mixes  with  that  of  the  other  so  as  to  form  a  colorless  solution,  because  the  colors  are 
complementary. 

Refraction  of  Light.— When  a  ray  of  light  passes  obliquely 
from  a  rarer,  transparent  medium  to  a  denser  one,  it  is  bent  toward 


Fig.  tf. 


the  perpendicular,  and  away  from  the  perpendicular  when  passing 
from  a  denser  to  a  rarer  milium.  This  is  called  refraction.  The 
action  of  lenses  is  dependent  upon  the  refraction  of  light. 

The  Spectrum. — When  a  beam  of  white  light  is  passed  through 
a  prism,  as  represented  in  figure  11,  it  is  not  only  refracted, — that  is, 
bent  from  its  original  course, — but  the  colors  of  which  it  is  composed 
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are  unequally  bent,  and  are  thus  separated  from  one  another.  If  we 
allow  them  to  fall  upon  a  white  screen  (S,  Fig.  ii),  they  produce  a 
series  of  blending  tints  upon  it,  which  are  called  a  spectrum. 

The  red  rays,  which  are  least  bent  from  their  course,  are  said  to  be 
the  least  refrangible,  while  the  violet  are  the  most  refrangible. 
Intermediate  between  these  colors  we  find  the  orange,  yellow,  green, 
blue,  and  indigo.  The  prism  thus  gives  us  an  easy  means  of  analyzing 
a  b^im  of  light,  to  show  the  character  of  the  rays  producing  it.  Such 
observations  are  usually  conducted  by  means  of  an  instrument  called 
a  spectroscope  (Fig.  12). 

The  Spectroscope. — Figure  13  will  illustrate  the  construction  of 
the  spectroscope.  The  light  is  received  from  the  source  of  light 
through  a  very  narrow  slit  (S),  regulated  by  a  screw;  it  passes  through 
the  tube  (A),  called  the  collimator,  and  is  directed  through  the  prism 
(P),  which  may  be  made  of  flint  glass,  or  it  may  be  made  hollow  and 
filled  with  bisulphide  of  carbon.  In  some  instruments  there  are  sev- 
eral flint  glass  prisms,  so  arranged  that  the  light  is  made  to  pass  through 
all  of  them,  so  as  to  secure  a  wider  dispersion  of  the  rays  than  can  be 
obtained  with  one  prism.  The  beam  of  light,  after  traversing  the 
prisms,  is  viewed  with  the  telescope  at  (B).  For  purposes  of  com- 
parison, an  additional  tube  (D)  is  attached,  by  which  another  light 
may  be  thrown  upon  the  surface  of  the  prism  so  as  to  be  reflected 
through  the  telescope  by  the  side  of  the  light  from  (S).*  Many  in- 
struments are  now  made  with  a  combination  of  prisms  so  arranged 
that  the  ray  of  light  in  passing  through  the  prisms  is  not  bent  from 
its  course.    These  are  called  direct  vision  spectroscopes. 

Bright  Lines.— When  we  view  monochromatic  light  with  the 
spectroscope, — that  is,  a  light  composed  of  but  one  color, — ^we  see 
only  a  vertical  image  of  the  slit  S  at  B,  and  its  position  on  the  scale 
will  depend  upon  the  refrangibility  of  that  color.  If,  on  the  other 
hand,  we  illuminate  the  slit  with  a  light  containing  several  rays  of 
different  degrees  of  refrangibility,  we  shall  see  one  image  for  each 
ray  present;  and  they  will  be  separated  from  one  another  by  their 
differences  of  refrangibility.  The  same  color  always  appears  in  the 
same  position  with  reference  to  the  others.  A  solid  body,  heated 
till  it  emits  a  pure  white  light,  produces  so  many  images  spread  out 
on  the  field  of  vision  that  one  overlaps  another  until  there  are  no  dark 
spaces  between  them,  thus  producing  a  continuous  spectrum.  If 
we  place  a  light  before  the  slit  which  emits  very  little  light  of  its  own, 
such  as  that  given  by  a  Bunsen  burner,  and  then  put  into  this  flame 

*  For  an  explanation  of  the  principle  of  lenses  the  student  is  referred  to  works  on 
physics. 
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a  little  sodium,  which  gives  a  pure  yellow  light,  we  shall  see  but  one 
image  of  the  slit,  and  that  in  the  position  occupied  by  the  yellow  in 
the  continuous  spectrum  or  the  D  line  in  the  solar  spectrum.  If  we 
use  lithium  instead  of  sodium,  we  get  one  image  in  the  position  occupied 
by  the  red;  if  thallium  be  used,  the  single  image  is  seen  in  the  position 
of  the  green.  If  we  mix  the  three,  we  shall  see  the  three  images  as 
bright  lines,  each  in  its  own  position — one  in  the  yellow,  one  in  the 
red,  and  one  in  the  green.  In  the  best  instruments  the  yellow 
sodium  line  appears  as  two  parallel  lines.  If  we  illuminate  the  slit 
with  the  vapor  of  a  metal  which  emits  rays  of  several  different  degrees 
of  refrangibility,  we  shall  see  several  images,  or  bright  lines,  in  differ- 
ent portions  of  the  field.  Any  given  element  always  emits  the  same 
rays  under  like  conditions;  hence,  by  the  use  of  the  spectroscope,  we 
may  determine  by  the  lines  we  see  in  the  telescope  what  element  is 
introduced  into  the  flame  of  the  lamp. 

Solar  Spectrum— Dark  Bands. — If  we  illuminate  the  slit  with 
the  light  of  the  sun,  we  see  almost  a  continuous  spectrum,  marked 
by  a  number  of  dark  lines,  known  as  "  Fraunhofer's  lines,"  the  cause 
of  which  we  shall  refer  to  again. 

The  most  prominent  of  these  dark  lines  have  been  designated  by  the  letters  of 
the  alphabet,  as  will  be  seen  on  reference  to  the  solar  spectrum  in  the  ^ntispiece. 
These  lines  serve  as  landmarks  upon  the  spectrum,  by  which  we  can  fix  the  position 
of  other  lines,  or  by  which  we  can  designate  the  position  of  any  line.  The  D  line, 
for  example,  is  the  most  brilliant,  and  can  always  be  seen  in  the  solar  spectnmi. 
This  serves  as  a  starting-point  in  mapping  the  spectrum,  or  as  a  guide  in  focusing  or 
adjusting  the  telesco]>e. 

Spectrum  Analysis. — The  spectroscope  is  an  important  aid  to 
chemical  analysis,  when  used  with  certain  precautions,  and  with  cer- 
tain well-known  facts  in  its  use  kept  in  mind. 

The  principles-  upon  which  spectrum  analysis  is  founded  are  as 
follows: 

1.  All  bodies,  when  intensely  heated,  become  luminous. 

2.  Solid  and  liquid  bodies,  if  opaque,  emit  when  heated  first  a 
red  light,  and  as  the  temperature  rises  the  other  colors  make  their 
appearance,  and  mingle  with  it  until  all  the  colors  are  present  and 
produce  white  light.  If  the  temperature  reaches  what  is  called  a  blue 
heat,  the  blue  and  violet  rays  begin  to  predominate. 

3.  The  elementary  substances  give  their  characteristic  and  peculiar 
light  only  in  the  state  of  gas  or  vapor.  Hence,  when  we  examine 
th©  light  from  any  given  source,  we  conclude,  if  the  spectrum  is  con- 
tinuous, that  the  heated  substance  is  a  liquid  or  a  soHd,  while  if  the 
spectrum  is  broken,  that  it  is  a  luminous  gas  or  vapor.  From  the 
position  of  the  bright  lines  we  determine  the  nature  of  the  substance 


LIGHT.  ag 

giving  the  light  There  are,  however,  a  few  exceptions  to  this  prin- 
dpk.  Under  certain  conditions,  even  a  gas  may  give  o£f  a  light  that 
produces  a  continuous  spectrum. 

4.  At  the  temperature  at  which  gases  or  vapors  become  luminous, 
compound  bodies,  as  a  rule,  break  up  into  their  constituents — i,  e., 
the  molecules  seem  to  be  dissociated.  For  this  reason  little  is  known 
of  the  spectra  of  compoimd  bodies. 

5.  At  a  high  temperature  the  metallic  atoms  are  much  more  lumi- 
nous than  the  non-metallic  with  which  they  are  associated.  Hence, 
when  we  examine  the  vapor  of  a  metallic  salt  rendered  limiinous,  the 
light  emitted  is  so  largely  that  of  the  dissociated  metaUic. atoms  that, 
whatever  salt  of  that  metal  be  used,  we  obtain  essentially  the  spectrum 
of  the  metal  itsdf . 

6.  If,  when  the  slit  of  the  spectroscope  is  directed  toward  a  source 
of  white  light  giving  a  continuous  spectrum,  another  flame  giving  a 
monochromatic  light  from  a  luminous  vapor  be  interposed  between 
the  white  light  and  the  slit,  a  dark  image  of  the  slit  will  appear  in 
the  position  where  the  vapor  itself  would  have  given  a  bright  line; 
that  is,  when  the  light  from  a  liquid  or  solid  luminous  body  is  made 
to  pass  through  a  luminous  vapor,  those  rays  of  light  which  the  vapor 
of  itself  emits  are  absorbed.  Hence,  when  we  analyze  the  light  of  a 
distant  source  of  light,  and  observe  a  continuous  spectrum  marked  by 
dark*lines,  we  may  conclude  that  it  is  produced  by  a  solid  or  liquid 
luminous  body  shining  through  a  luminous  vapor.  This  explains  the 
dark  Unes  seen  in  the  solar  spectrum.  They  teach  us  that  the  sun  is  a 
solid,  intensely  luminous  body,  surrounded  by  a  luminous  atmosphere. 

7.  Many  substances  in  solution  absorb  certain  rays  from  a  beam 
of  white  light  passed  through  them,  and  the  portions  of  the  spectrum 
absorbed  are  peculiar  to  each  substance.  We  thus  have  a  means  of 
detecting  the  presence  of  a  few  substances  which  can  not  be  rendered 
luminous,  by  passing  a  white  light  through  the  solution  suspected  to 
contain  them. 

Absorption  Spectra.T-When  we  wish  to  observe  the  spectrum  of 
a  liquid  we  place  it  in  a  glass  tube  or,  preferably,  a  vessel  having 
parallel  sides,  and  place  this  before  the  slit  of  the  spectroscope.  We 
now  throw  a  strong  white  light  through  the  solution  and  into  the  slit 
of  the  instrument.  Solutions  of  erbium  and  didymium  examined 
in  this  way  absorb  certain  portions  of  the  spectrum.  The  particular 
^rtions  of  light  absorbed  are  peculiar  to  each,  and  in  these  cases  the 
oarit  bands  across  the  bright  spectrum  occupy  the  same  positions  in 
which  the  vapors  of  these  elements  give  light  bands.  Absorption  bands 
differ  from  the  dark  lines  of  the  solar  spectrum  in  being  broader  and 
not  so  sharply  marked.    They  are  often  only  a  slightly  darkened  portion 
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of  a  bri^t  spectrum.  Passing  the  light  through  a  crystal  of  the  sub- 
stance, in  some  cases,  gives  the  same  result  as  passing  it  throu^  its 
solution. 

The  use  of  the  spectroscope  in  medidne  and  toxicology  is  chiefly 
confined  to  the  observation  of  absorption  spectra  of  various  solutions. 
Some  idea  of  the  appearance  of  such  spectra  may  be  obtained  by  ref- 
erence to  the  fronti^iece,  remembering  that  the  spaces  which  appear 
white  there  are  in  practice  occupied  by  the  colors  of  the  solar  spec- 
trum in  their  appropriate  places. 

Chemical  Effects  of  Lig^t.— Light  is  capable  of  {vodudng 
marked  chemical  and  physiological  changes.  The  chemical  changes 
which  take  place  in  the  leaves  of  growing  plants  require  the  presence 
of  light.  The  art  of  photography  is  based  upon  chemical  changes 
produced  by  light  upon  the  silver  salts. 

If  a  miztxire  of  pure  hydrogen  and  chlorine  gases  be  prepared  in  the  dark  and 
kept  there,  no  combination  takes  place;  if  the  mixture  be  brought  out  into  a  light 
room,  a  gradual  combination  takes  place,  and  hydrochloric  add  is  the  result;  if 
the  mixture  be  placed  in  the  direct  rays  of  the  sun,  instead  of  diffused  light,  the 
combination  takes  place  with  an  explosion.  The  lig^t  in  this  case  causes  chemical 
action.  The  electric  light  and  other  intense  lights  produce  the  same  effect.  If  a 
piece  of  white  paper  wet  with  a  solution  of  nitrate  of  silver  be  kept  in  a  dark  room, 
no  change  takes  place  in  it;  but  if  the  paper  be  exposed  to  a  strong  light,  it  begins 
to  grow  dark,  and  finally  becomes  black. 

Many  chemicals  kept  in  the  light  are  in  time  sensibly  changed.  Silver  ahd  gold 
solutions,  in  presence  ox  organic  matter,  deposit  a  part  of  their  metal  in  the  metallic 
form.  Nitric  acid  becomes  slowly  yellow  from  the  decomposition  produced  by  the 
light  A  solution  of  the  syrup  of  the  iodide  of  iron,  on  exposure  to  air  becomes 
brown  from  decomposition;  but  on  exposure  to  the  direct  sunlight  it  again  re- 
combines  and  returns  to  the  normal  green  color.  The  art  of  photography  depends 
upon  the  changes  produced  by  light  in  silver  salts,  gelatin,  etc.  Sometimes  the 
change  seems  to  be  a  true  chemical  reaction,  and  in  other  cases  it  is  a  molecular 
change  only. 

It  has  been  found  that  it  is  not  always  the  luminous  part  of  the  ray  of  light  thut 
effects  these  changes,  but  that  they  are  chiefly  produced  by  certain  invisible  rays 
found  most  abundantly  in  and  beyond  the  violet  part  of  the  spectrum.  From  this  it 
has  been  concluded  that  the  light  of  the  sun,  as  well  as  the  light  from  some  other 
sources,  contains  certain  rays  having  this  power  to  .produce  chemical  changes,  but 
whose  vibrations  are  too  rapid  to  affect  the  eye  to  give  the  sensation  of  light.  This 
action  of  light  is  known  as  actinism,  and  the  rays  producing  it  are  called  actinic 
rayi. 

The  heat  rays  which  accompany  the  light  rays  in  an  ordinary  beam 

of  light  are  less  refrangible  than  the  latter,  and  are  therefore  found 

principally  in  the  orange,  red,  and  ultra-red  portions  of  the  spectrun^ 

We  thus  have  three  kinds  of  rays  in  the  solar  spectrum: 

I.  The  heat  rays  extending  from  without  tiie  red  to  the  line  F 

(see  frontispiece),  being  most  intense  at  A,  or  in  the  red. 

II.  The  light  spectrum  extends  from  A  to  H,  being  most  intense 
between  D  and  E. 
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m.  The  actinic  rays,  found  from  £  to  some  distance  beyond  the 
violet,  and  being  most  intense  at  H. 

Physiological  Effects  of  Light.— Light  stimulates  nerve  tissue 
and  promotes  oxidation  within  the  tissues.  The  human  body  exhales 
one-third  more  carbon  dioxide  in  a  strong  light  than  in  the  dark,  and 
absorbs  more  oxygen.  Direct  sunlight  is  capable  of  penetrating  the 
entire  body.  The  violet  and  ultraviolet  or  actinic  rays  have  the  greatest 
effect  upon  nutrition,  and  have  been  employed  for  therapeutic  effects. 
The  peculiar  ra3rs  of  light  developed  in  a  vacuum  tube  by  the  discharge 
of  electrical  sparks  are  known  to  possess  great  penetrating  power,  and 
to  effect  greater  nutritive  changes  than  solar  light.  These  rays  have 
been  much  employed  in  the  treatment  of  certain  malignant  growths. 
Similar  effects  have  been  obtained  by  the  radiations  from  radium, 
polonium,  and  actinium. 

Polarization  of  Light.— Ordinary  light,  according  to  the  wave 
theory,  is  due  to  vibrations  of  the  luminiferous  ether  occurring  in  all 
directions  or  planes  at  right  angles  to  the  path  of  the  ray. 
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A  ray  of  light  is  said  to  be  plane  polarized  when  these  vibrations 
are  so  dianged  as  to  occur  only  in  one  plane.  This  change  in  the 
vibrations  may  be  produced  by  passing  the  ray  of  light  through  cer- 
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tain  crystals,  such  as  Iceland  spar,  selenite,  quartz,  etc.,  or  by  reflection 
from  a  glass  plate  placed  at  an  angle  of  35^  25'  to  the  path  of  the  ray. 
or  from  water  at  an  angle  of  52^  45'. 

We  may  iUostrate  the  efifect  of  polarization  upon  a  ray  of  light,  roughly,  by  a 
string  stretched  between  two  points,  A  and  B,  figure  14.  If  we  touch  the  string 
with  the  finger  it  is  free  to  vibrate  in  all  directions — up  and  down,  side  to  side,  or 
in  any  intervening  plane.  If  now  we  place  over  the  center  of  the  string  a  piece  of 
cardboard,  C,  figure  15,  with  a  long  slit  cut  in  it,  and  then  cause  the  string  to  vibrate, 
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the  ▼ibiadooft  will  be  limited  to  the  diiectioa  o£  the  kngth  of  the  slit  in  the  caid 
This  may  serve  to  illustrate  the  effect  of  a  polariziiig  crystal  upon  a  ray  of  light. 

If  in  this  experiment  a  second  piece  of  cardboard  be  employed,  so  held  that  the 
slit  is  in  the  same  position  as  the  nrst,  no  interference  with  the  vibradon  will  take 
place.  This  cardboard  may  serve  to  represent  a  second  section  of  a  crystal  through 
which  the  light  is  made  to  pass. 

li  while  the  string  is  vibrating  the  second  piece  of  cardboard,  D,  is  made  to 
revolve  through  90^,  so  that  the  slit  in  this  cartl  is  at  right  angles  with  that  in  the 
first  card,  the  vibrations  of  the  string  will  be  limited  in  all  directions,  and  it  will 
cease  to  vibrate. 

If  instead  of  the  string  we  use  a  ray  of  light,  and  in  place  of  the  cardboards  we 
use  sections  of  a  polarizing  crystal,  the  vibrations  of  the  ray  will  be  limited  to  one 
direction,  but  continue  to  pass  as  long  as  both  crystals  are  in  the  same  relative 
position.  If  we  conceive  a  cross-section  of  a  ray  of  tight  magnified,  we  might  repre- 
sent the  path  of  the  vibrations  of  the  molecule  by  the  spol^  of  a  wheel,  as  at  A, 
figure  16. 

We  may  conceive  that  the  molecules  of  the  crystal  are  arranged  in  tines  so  that 
they  interfere  with  all  vibrations  not  in  the  same  plane  as  these  rows  of  molecules. 

In  the  first  crvstal  we  may  conceive  tibese  rows  to  be  vertical.  The  tig^t,  after 
passing  through  this  crystal,  as  shown  in  cross-section  at  B,  is  seen  to  be  polarized 
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in  the  vertical  plane — i.  e.,  the  vibrations  of  the  particles  of  ether  are  reduced  to  one 
plane. 

If  a  second  crystal  be  interposed  in  the  path  of  the  polarized  ray,  and  held  in 
the  same  position  with  reference  to  its  axes  or  tines  of  molecules  as  the  first,  the  ray 
will  pass  unobstructed. 

If  the  second  of  the  crystals  be  rotated  through  90°,  this  wiU  interfere  with  the 
vibrations  of  the  ray  as  polarized  by  the  first  crystal,  and  they  wiU  cease — i.  «.,  no 
tight  wiU  pass  through  this  second  crvstal.  Only  those  vibrations  can  pass  this 
crystal  which  take  place  in  the  plane  shown  in  C,  at  right  angles  to  those  shown  by 
B.  Polarizing  crystals  can  not  be  supposed  to  contain  stits,  as  here  indicated,  but 
their  molecules  are  so  arranged  as  to  sift  the  tight  that  passes  through  them  and 
limit  the  vibrations  of  the  luminiferous  ether,  just  as  the  stit  in  the  cardboard,  in  our 
first  illustration,  does  the  vibrations  in  the  string. 

If,  in  the  above  experiment,  we  place  the  cards  upon  the  string  so  that  the  stit 
in  one  makes  aq  acute  angle  with  that  in  the  other,  the  string  will  still  continue  to 
vibrate,  but  it  will  swing  through  a  shorter  distance,  which  will  grow  shorter  as  the 
second  card  is  rotated;  that  is,  the  vibrations  are  gradually  stopped  as  the  card  is 
turned.  The  same  phenomena  are  observed  with  the  crystals.  If  the  crystals  are 
placed  in  the  same  position  with  relation  to  their  principal  axes,  the  tight  passes 
freely.  If  one  of  them  be  rotated,  the  transmitted  tight  grows  gradually  less  and  less 
until  the  crystal  is  turned  through  90°,  when  almost  total  darkness  results.  There 
b  nothing  in  the  appearance  of  a  polarized  ray  to  indicate  to  the  naked  eye  its 
peculiar  condition;  but  if  the  eye  be  aided  by  a  polarizing  prism,  it  is  easy  to  detect 
Uie  fact  that  it  is  polarized. 
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Double  Refraction  and  Polarization.— If  a  black  dot  on  a 
sheet  of  paper  be  looked  at  through  a  crystal  of  Iceland  spar  (cal- 
cite),  there  ai^>ear  to  be  two  dots.  The  ray  of  light  in  passing  through 
the  crystal  to  the  eye  is  split  into  two  rays  of  equal  brilliancy.  If  the 
aystal  be  rotated,  one  of  the  dots  revolves  around  the  other.  The 
ray  that  gives  the  stationary  image  is  called  the  ordinary  ray,  while 
the  other  is  called  the  extraordinary  ray.  Both  rays  are  polarized, 
and  in  planes  which  are  at  right  angles.  It  is  found  that  certain  non- 
ciystalline  substances,  like  muscle,  dlia,  etc.,  are  doubly  refracting. 

The  Nicol  prism  is  the  prism  usually  employed  as  the  analyzer 
in  polariscopes.  It  consists  of  a  rhombohedron  of  Iceland  spar 
divided  through  its  obtuse  angles,  b,  rf,  e,  f  (Fig.  17),  and  at  right 
angles  with  the  surface,  a,  by  c,  d»  The  cut  surfaces  are  polished  and 
cemented  together  again  in  the  former  position  with  Canada  balsam. 


When  a  ray  of  light  is  passed  into  such  a  prism  it  is  split  into  tw6 
portions — k  tn,  the  extraordinary,  and  h  n,  the  ordinary  ray.  When 
k  n- meets  the  Canada  balsam  at  n,  it  undergoes  total  refraction  and 
passes  out  in  the  direction  n  0;  while  the  extraordinary  ray  passes 
through  and  emerges  alone  in  a  direction  parallel  to  the  entering  ray. 
By  the  use  of  sudi  a  prism  the  light  is  completely  polarized  in  one 
plane. 

If  two  Nicol  prisms  be  mounted  in  a  tube  so  that  the  light  may 
pass  directly  through  both,  we  have,  in  principle,  an  instrument  known 
as  the  polariscope.  When  the  two  prisms,  thus  mounted,  are  in  the 
same  position  with  reference  to  their  axes,  the  light  passes  readily 
through  both.  On  rotating  one  of  the  prisms  to  the  right  or  to  the 
left,  £e  light  is  more  and  more  obstructed  until  the  prism  is  turned 
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through  9©*^,  when  very  little,  if  any,  light  passes  through.  The  use 
made  of  this  proper^  of  the  Nicol  prism  will  be  referred  to  again. 

Rotation  of  uie  i^lane  of  Polarization. — Certain  crystals, 
such  as  quartz,  certain  fluids,  such  as  turpentine,  and  solutions  of 
certain  substances,  like  sugar  and  albimtiin,  have  the  power  of  rotating 
the  plane  of  the  polarized  ray  sent  throu^  them  to  the  right  or  left. 
Such  substances  are  said  to  be  optically  active.  The  degrees  of  a 
circle  throu^  which  the  rotation  occurs  often  serve  for  the  accurate 
estimation  of  these  bodies.  This  method  may  be  used  for  the  estima- 
tion of  the  sugars,  turpentine,  certain  alkaloids,  albumin,  etc.  The 
rotation  produced  b  different  for  different  kinds  of  light.  White 
light  is  split  into  its  various  colors,  each  color  being  rotated  differ- 
ently. White  light  can  not,  therefore,  be  employed  for  transmission 
through  the  instrument  in  these  examinations.  A  monochromatic 
light — usually  that  from  volatilizing  a  sodium  salt  in  the  flame  of  a 
Bunsen  burner — is  employed.  This  gives  a  bright  yellow  light,  which 
is  practically  monochromatic. 

Polarimeters  or  polariscopes  are  instruments  for  determining 
the  strength  of  solutions  of  sugar,  albumin,  etc.,  by  the  direction  and 
amounts  of  rotation  they  produce  in  the  plane  of  polarized  light. 
They  are  sometimes  called  saccharimeters,  because  they  are  con- 
structed especially  for  the  estimation  of  sugar. 

There  are  in  the  market  various  forms  of  polarimeters,  but  in  all 
forms  of  the  apparatus  the  polarizer,  or  means  of  obtaining  a  beam  of 
polarized  li^t,  consists  of  the  Nicol  prism  above  described.  The 
analyzer  is  composed  of  a  similar  Nicol  prism.  A  telescope  is  em- 
ployed as  an  eyepiece.  The  polarizer  is  mounted  at  P  R  (Fig.  i8). 
The  analyzer  is  so  mounted  at  H  that  it  may  be  rotated  about  its  long 
axis,  and  is  provided  with  an  arm  which  moves  upon  a  graduated  scale, 
so  that  the  degree  of  rotation  from  the  zero  point  may  be  measured 
in  degrees  of  the  drclc.  A  solution  of  the  substance  to  be  examined 
is  placed  in  a  tube  with  glass  ends  and  brought  between  the  polarizer 
and  analyzer  in  the  support  L.  The  light,  after  being  polarized,  passes 
through  the  tube  and  then  through  the  analyzer. 

Laurent's  polarimeter  (Fig.  i8)  is  one  of  the*simplest  and  best. 
In  this  instrument  one-half  of  the  field  of  vision  is  covered  by  a  very 
thin  plate  of  quartz,  which  slightly  rotates  the  plane  of  the  light  pass- 
ing through  it,  and  causes  some  light  to  pass  even  when  the  polarizer 
and  analyzer,  both  of  which  are  Nicol  prisms,  are  crossed.  If  the 
analyzer  (H)  be  rotated  so  as  to  cause  the  quartz  plate  to  become 
dark,  the  light  passes  through  the  uncovered  half  of  the  field.  In  an 
intermediate  position  the  two  halves  of  the  field  app>ear  equally  illumi- 
nated.   The  scale  (C)  is  so  graduated  that  this  position  of  the  ana- 


UGHT. 


35 


lyzer  is  made  the  zero  point  of  the  instrument.  The  slightest  deviation 
of  the  analyzer  from  this  position  causes  one-half  of  the  field  to  appear 
darker  and  the  other  half  lighter.    There  is  thus  presented  to  the  ey^ 


two  lights  to  be  compared,  and  the  instrument  is  thus  very  sensitive. 
Monodiromatic  light  must  be  used.  In  some  instruments  the  circle 
is  divided  both  into  degrees  and  sugar  units,  or  percentages.    The 
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scale  is  read  by  means  of  a  vernier  and  kns  (N).  Before  using  an 
instrument  the  observation  tube  is  filled  with  water  and  placed  in 
position  between  the  analyzer  and  polarizer.  If  the  instrument  is 
properly  adjusted  the  zero  mark  on  the  vernier  will  corre^wnd  with 
the  zero  point  of  the  scale,  when  the  two  halves  of  the  field  are  equally 
illuminated.  The  tube  is  then  filled  with  the  solution  to  be  tested 
and  again  placed  between  the  analyzer  and  polarizer,  when,  if  it  is  an 
active  substance,  the  plane  of  the  polarized  ray  coming  from  the  ana- 
lyzer will  be  turned  to  the  right  or  to  the  left  in  passing  through  the 
solution^  and  one-half  of  the  field  will  be  lighter  than  the  other.  The 
amount  of  rotation  of  the  plane  of  the  polarized  ray  will  be  propor- 
tional to  the  amount  of  the  active  substance  in  the  solution.  It  will 
now  be  necessary  to  rotate  the  analyzer  (H)  to  the  right  or  to  the 
left,  so  that  the  two  halves  of  the  field  will  agaiA  appear  equaUy 
illiunlnated.  When  this  has  been  accomplished,  we  may  read  o£f  on 
the  vernier  the  degrees  of  the  circle  through  which  the  analyzer  has 
been  rotated.  In  this  way  the  amount  of  rotation  of  the  polarized 
ray  is  determined. 

The  specific  rotatory  power  of  any  substance  is  the  amount 
of  rotation  of  the  plane  of  polarized  light,  in  degrees  of  a  circle, 
produced  by  one  gm.  of  the  substance  dissolved  in  one  c.c.  of 
the  h'quid,  examined  in  a  tube  one  decimeter  in  length. 

The  specific  rotatory  power  of  a  substance  is  obtained  by  dividing  the  angular 
rotation  observed  in  the  polarimeter  (a)  by  the  length  of  the  tube  in  decimeters  (1) 
and  by  the  number  of  prams  in  one  c.c.  of  the  liquid  (w).  If  a  sodium  flame  be 
used  as  the  source  of  light,  the  specific  rotation  of  the  substance  is  that  of  light, 
with  wave-lengths  corresponding  to  the  D  line  of  the  solar  spectrum,  and  is  usually 
denoted  by  (a)  p.    Then  the  above  statement  may  be  expressed  as  follows: 

a 

(a)o  =  +  or . 

wl 

In  this  formula  plus  indicates  that  the  substance  is  dextrorotatory  and  minus  that 
the  substance  is  levorotatory.  If  in  this  formula  the  specific  rotatory  power  of  the 
substance  under  examination  be  known,  and  we  wish  to  find  the  value  of  w,  or  the 
weight  of  the  substance,  then  the  formula  becomes: 


w  =  -f  or  ■ 


(a)D  XI 


In  this  formula  (a)  b  the  observed  rotation,  (1)  the  length  of  the  tube  in  decimeters, 
which  is  known,  and  (a)D  the  specific  rotatory  power,  which  has  been  determined 
for  all  well-known  optically  active  substances;  (w)  can  easily,  therefore,  be  calcu- 
lated. The  specific  rotatory  power  of  a  few  of  the  most  important  optically  active 
substances  is  as  follows: 
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Cane-sugv,  (a)©  -«  +   73^®  Levuloee,  (a)o  -«  — 106® 

Milk-sugar,    "     -  +  59.3®  Egg-albumin,         '•    -  —  33.5° 

Dextrin,  "     «  -f-  130.S**  Senim-albumin,     **    -« —  56** 

Dextrose,        "     -»  +  56®  Gelatin,  "    « —130® 


MAGNETISM. 

Properties  of  Magnets. — ^The  name  magnet,  or  lodestone,  was 
given  by  the  ancients  to  certain  black,  hard  stones  found  in  various 
parts  of  the  world,  which  possessed  the  power  of  attracting  to  them- 
selves bits  of  steel  or  iron.  About  the  tenth  or  twelfth  century  these 
magnets  were  discovered  to  point  north  and  south  when  suspei»ied  by 
a  thread.  Natural  magnets  are  an  ore 
of  iron  known  as  magnetite.  y 

If  a  piece  of  hardened  steel  be  rubbed 
with  one  of  these  natural  magnets,  it 
acquires  the  properties  of  the  magnet, 
and  retains  those  properties  for  a  very 
long  time.  If  a  piece  of  soft  iron  be 
treated  in  the  same  way,  it  becomes  a 
magnet  when  in  contact  with  the  mag- 
net, but  loses  its  magnetic  properties 
when    the    latter    is    removed.      The  ^'°- '«^ 

peculiar  qualities  of  a  magnet  are  easily 

shown  to  be  manifested  chiefly  at  the  two  extremities,  when  brought 
near  an  electrified  body,  as  was  noted  in  the  case  of  the  conductor  A  B, 
in  figure  33.  If  a  bar  magnet  be  dipped  into  a  keg  of  small  nails  and 
withdrawn,  a  large  number  of  them  will  adhere  to  the  two  ends  of 
the  bar.  The  two  ends  where  the  magnetic  force  is  strongest  are 
called  its  poles.  A  light  steel  magnet,  balanced  at  the  center  upon 
a  needle-point,  so  as  to  allo^  freedom  of  movement,  is  called  a  mag- 
netic needle.  (See  Fig.  19.)  Such  a  needle  always  arranges  itself 
nearly  due  north  and  south,  and  always  in  the  same  position.  The 
compass  sold  by  opticians  is  simply  such  a  needle  mounted  above  a 
dial,  marked  with  tiie  "  points  of  the  compass."  The  end  of  thte  needle 
or  magnet  that  points  to  the  north  is  called  the  north  pole,  and  the 
other  the  south  pole.  If  a  magnet  be  broken  at  any  pwint  between 
the  two  poles,  each  of  the  pieces  becomes  a  magnet  with  two  poles; 
it  is  therefore  imp)ossible  to  make  a  magnet  witih  but  one  pole.  In 
magnetism,  as  in  electricity, 'like  poles  repel  and  unlike  poles  at- 
tract one  another.  The  force  with  which  a  magnet  attracts  or  repels 
another  magnet,  or  a  piece  of  iron,  is  called  the  magnetic  force.  The 
magnetic  force  acts  through  all  kinds  of  bodies  except  iron  or  other 
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magnetic  metal,  and  varies  inversely  as  the  square  of  the  distance. 
Iron,  nickel,  cobalt,  cerium,  chromium,  and  manganese  are  recognized 
as  magnetic  metab.  Paper,  porcelain,  and  oxygen  gas  are  feebly 
magnetic.  Magnetism  may  be  induced  in  a  piece  of  iron  by  the  near 
presence  of  a  magnetic  pole.  If  iron  filings  be  sprinkled  over  one 
end  of  an  ordinary  iron  bar,  and  one  of  the  poles  of  a  permanent  mag- 
net be  brought  near  the  other  end  of  it,  the  filings  will  be  attracted 
by  the  iron  bar. 

The  pole  of  the  bar  nearest  the  magnet  will  be  found  on  examina- 
tion to  be  of  the  opposite  kind  to  that  of  the  magnet;  in  this  respect 
magnetic  induction  resembles  electrical  induction.  The  magnet  is  not 
weakened  by  the  induction,  but  rather  strengthened  by  the  reaction  of 
the  newly  made  magnet  upon  its  polarity.  Artificial  magnets  may 
be  made  into  any  desired  form,  but  the  usual  forms  are  the  strai^t 
bar  and  the  hors^oe  form.  The  latter  form  admits  of  the  application 
of  a  connecting  bar  of  soft  iron  from  one  pole  to  the  other,  known  as 
an  armature.  When  a  magnet  is  not  in  use  the  armature  should 
always  be  applied,  to  retain  the  full  power  of  the  magnet  Long, 
thin,  steel  magnets  are  stronger  in  proportion  to  their  weight  than 
thicker  ones;  consequently,  strong  magnets  are  frequently  made  of  a 
number  of  long,  thin  magnets  bound  together  after  being  magnetized. 
Electromagnets. — Heretofore  we  have  spoken  of  but  one 
method  of  making  a  magnet,  that  of  contact  with  another  magnet. 
If  a  bar  of  iron  be  thrust  into  a  spiral  or  coil  of  insulated  wire,  through 
which  a  current  of  electricity  from  a  battery 
is  passing,  it  becomes  a  magnet  as  long  as  the 
current  passes  through  the  coil.  When  the  cur- 
rent is  stopped  the  iron  ceases  to  be  magnetic. 
Such  a  bar  of  iron,  surrounded  with  a  coil  of 
wire  for  the  purpose  of  magnetizing  it,  is  called 
an  electromagnet  (Fig.  20).  Electromagnets 
may  be  made  much  stronger  than  those  pro- 
duced by  any  other  means.  If  a  bar  of  hardened 
steel  be  thus  magnetized,  it  remains  a  permanent 
magnet.  The  strength  of  an  electromagnet  is 
^°-«>-  proportional    to    the    strength    of    the   current 

passing  through  the  coil,  and  to  the  number 
of  turns  of  wire  in  the  coil.  It  takes  time  to  produce  a  magnet  by 
this  means,  some  large  magnets  requiring  from  one  to  two  seconds  to 
reach  their  maximum  strength. 

The  magnets  of  large  dynamo  machines  frequently  take  as  long  as 
ten  minutes  to  rise  to  their  full  working  strength.  If  into  a  coil  of 
insulated  wire  connected  with  a  means  of  showing  minute  currents  of 
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electricity  a  steel  bar  magnet  be  thrust,  there  is  a  momentary  current 
sent  through  the  wire  by  the  inducing  action  of  the  magnet  On  now 
suddenly  withdrawing  the  magnet,  a  current  is  produced  in  the  opposite 
direction  in  the  wire.  These  facts  will  be  rciperred  to  again  when  we 
come  to  ^>eak  of  the  action  of  the  induction  coiL 

Theory  of  Magnetism. — The  best  explanation  of  the  phenomena 
of  magnetism  is  afforded  by  supposing  that  each  molecule  of  the  bar 
is  a  separate  magnet;  for,  if  the  magnetized  bar  be  broken  into  small 
pieces,  each  piece  is  found  to  be  a  perfect  magnet.  If  this  process  of 
mechanical  division  be  continued  far  enough  we  will  ultimately  arrive 
at  the  molecule.  Each  molecule  will  then  have  two  poles,  one 
seeking  the  north  and  the  other  seeking  the  south  end  of  the  bar; 
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•  Fig.  ai. 

or,  when  a  bar  of  iron  or  steel  is  magnetized,  the  molecules  are 
all  so  arranged  that  the  same  poles  point  in  one  direction,  as  rep- 
resented in  figure  21.  By  this  theory  we  conclude  that,  when  a  piece 
of  iron  or  steel  is  neutral,  the  molecules  arrange  themselves  so  that 
they  satisfy  each  other's  polarity,  forming  closed  magnetic  circuits 
among  themselves,  thus: 

-  +  _+• 
©©©© 
+  ""+" 

In  molecules  of  chemical  compounds  the  one  kind  of  atoms  is  inher- 
ently electropositive,  or  north-seeking,  and  the  other  electronegative, 
or  south-seeking.  Chemical  affinity  is  probably  the  manifestation  of 
this  polar  energy  acting  between  two  kinds  of  differently  polarized 
atoms  or  groups  of  atoms. 


ELECTRICITY. 

Electricity  Produced  by  Friction.— If  a  piece  of  glass  rod  or 
tube,  sealing-wax,  resin,  or  sulphur  be  rubbed  briskly  with  a  piece 
of  flannel  or  silk,  it  will  be  found  to  have  acquired  properties  which 
it  did  not  previously  possess — ^namely,  of  attracting  to  itself  such  light 
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objects  as  bits  of  paper,  feather,  or  dust  After  adherii^  to  the  glass 
rod  for  a  few  seconds  these  objects  are  thrown  ofif  again  with  a  per- 
ceptible force.  This  property  was  first  observed  in  amber,  or  elec- 
tron, as  the  Gredcs  called  it,  as  early  as  600  B.  C.  Dr.  Gilbert,  of 
England,  about  1600,  showed  that  a  very  large  number  of  bodies  ex- 
hibit the  same  property,  which  bodies  he  called  electrics.  Since  his 
time  the  name  electricity  has  been  used  to  designate  the  agency  at 
work  to  produce  these  phenomena.  A  better  way  of  showing  these  phe- 
nomena is  by  means  of  a  ball  of  elder-pith  su^>eiided  by  a  fine  silken 
thread.  If  the  exdted  glass  rod  be  presented  to  the  pith-ball^  the 
latter  is  attracted  and  then  thrown  off.  If,  now,  a  piece  of  sealing- 
wax  be  rubbed  and  presented  to  the  dectrified  pith-ball,  the  latter  is 
strongly  attracted  to  it.  In  other  words,  a  piUi-ball  that  has  been 
charged  by  the  0ass  is  repelled  by  the  electrified  glass,  but  is  attracted 
by  the  electrifi^  sealing-wax;  or,  if  electrified  by  sealing-wax,  it  is 
repelled  by  it  and  attracted  by  the  glass.  We  thus  have  two  kinds 
of  electricity  developed  by  these  two  substances.  If 
two  pith-baUs  be  suspended  by  silk  threads  so  as  to 
touch  each  other,  and  they  are  both  electrified  or 
charged  bv  the  same  piece  of  glass  or  sealing-wax, 
they  will  be  thrown  apart  and  held  in  this  position 
as  long  as  they  remain  charged.  (See  Fig.  22.) 
If  one  ball  be  charged  from  glass  rubbed  wi&i  silk, 
and  the  other  be  charged  with  sealing-wax  rubbed  Fte.2a. 

with  flannel,  they  will  then  attract  each  other. 

This  fact  is  usually  stated  in  the  following  law:  Bodies  similarly 
electrified  repel  and  bodies  oppositely  electrified  attract  one 
another. 

This  law  will  be  referred  to  again  as  an  aid  in  the  explanation  of 
many  other  phenomena. 

The  kind  of  electricity  produced  in  the  above  experiments  depends 
not  only  on  the  thing  rubbed,  but  also  on  the  rubbtt*;  for  glass  yields 
the  one  kind  when  rubbed  with  silk  and  the  opposite  kind  when  rubbed 
with  cat's  skin.  Resin  and  sealing-wax  rubbed  with  an  amalgam  of 
tin  spread  on  leather  yield  the  same  electricity  as  glass  when  rubbed 
with  silk,  but  yield  the  opposite  kind  when  rubbed  with  flannel.  That 
kind  produced  by  glass  and  silk  has  received  the  name  of  positive  (-f ) 
electricity;  the  electricity  produced  by  resins  rubbed  with  wool  has 
received  the  name  of  negative  ( — ).  These  positive  and  negative 
electricities,  when  brought  together  in  a  body,  neutralize  each  other, 
and  the  body  then  shows  no  electricity  at  all.  The  electrification  of 
either  kind  produced  by  friction  or  other  means  upon  the  surface  of 
a  body  is  called  a  charge. 


i' 
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The  body  which  shows  the  electrical  phenomena  is  said  to  be 
charged.  A  charge  may  be  larg^  or  small,  positive  or  n^ative. 
When  the  body  is  brought  again  to  the  Aatural  condition  it  is  said  to 
be  discharged.  Good  conductors  of  electricity  are  discharged  by 
bringing  them  in  contact  with  the  ground  or  touching  them  with  the 
hand.  The  discharge  is  usually  inst^taneous,  and  is  accompanied 
by  a  snapping  sound  and  a  flash  of  light,  called  a  spark,  which,  when 
received  on  the  hand,  produces  a  pricking  sensation. 

The  condition  of  electrification  is  generally  conceived  to  be  a 
peculiar  disturbance  brought  about  in  the  molecules  of  a  body  or  of 
the  ether  surrounding  them.  This  condition  or  disturbance  is  capably 
of  being  imparted  to  neighboring  molecules  of  certain  kinds,  but 
not  readily  to  aU  molecules.  Bodies  whose  molecules  are  readily 
affected  by  the  electrical  disturbance,  and  transmit  it  from  one  to 
another,  are  said  to  conduct  electricity,  or  are  conductors;  those 
whose  molecules  do  not  readily  take  up  and  transmit  this  disturbance 
are  called  insulators.  If,  for  illustration,  the  balls  in  the  apparatus 
represented  in  figure  lo,  page  24,  are  made  of  some  elastic  substance, 
the  force  of  the  ball  A  is  transmitted  to  B;  but  if  the  balls  are  made 
of  loosely  wound  yam,  the  force  is  not  transmitted.  Whether  the 
force  is  transmitted  will  depend  upon  the  composition  of  the  balls. 
So  in  electricity  the  question  of  conductivity  depends  upon  the  com- 
position of  the  molecules. 

The  metals  are  generally  good  conductors  of  electricity,  while  gases 
and  the  non-metals  are  poorer  conductors.  Electricity  may  either 
reside  upon  the  surface  of  bodies  as  a  charge,  or  it  may  be  trans- 
mitted through  their  molecules  as  a  current. 

Other  Sources  of  Electricity.— Friction  is  not  the  only  means 
of  generating  electrical  disturbances.  Other  agencies  are  percussion, 
compression,  heat,  chemical  action,  crystallization,  physiological  action, 
contact  of  metals,  vaporization,  magnetism,  etc.  Indeed,  it  is  now 
known  that  very  many  natural  processes  are  accompanied  by  electrical 
disturbance.  Of  the  many  possible  ways  of  producing  electricity,  the 
principal  ones  empbyed  to  advantage  are  friction,  induction,  chemical 
action,  and  magnetic  induction.  The  first  of  these,  combined  with  in- 
duction, is  utilized  in  the  so-called  static  machines;  the  second  in  the 
ordinary  galvanic  battery;  and  the  third  in  the  dynamo-electrir. 
machines,  used  for  developing  powerful  currents.  For  medical  purposes 
the  first  two  kinds  of  madiines  are  chiefly  used  at  the  present  time. 

Electricity  by  Induction. — If  we  electrify  by  friction  a  glass 
globe  or  flask,  C,  mounted  upon  a  glass  support,  and  then  bring  near 
it,  as  represented  in  figure  23,  a  large  sausage-shaped  metallic  con- 
ductor, A  B,  also  mounted  upon  a  non-conducting  glass  support,  we 
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shall  find  that  the  two  ends  of  this  conductor  exhibit  all  the  properties 
of  an  electrified  body.  They  will  attract  bits  of  paper;  and  pith-balls 
mounted  upon  these  ends  are  repelled,  as  shown  in  the  cut,  while  the 
center  of  the  conductor  shows  no  sign  of  electrification.  Further 
examination  will  show  that  the  two  ends  show  opposite  kinds  of  elec- 
trification. The  end  nearest  thje  electrified  glass  will  show  a  negative 
charge,  while  the  other  will  show  a  positive  charge.  When  the  glass 
globe  is  removed,  the  two  charges  neutralize  again  and  disappear. 
This  influence  of  an  electrified  body  upon  another  body  near  it  is 
known  as  induction. 

«  It  appears,  then,  that  a  positive  charge  attracts  negative  and  repek 
positive,  and  that -this  influence  is  exerted  at  a  considerable  distance. 


Q 
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separating  the  two  charges  in  the  body  acted  upon  as  long  as  the 
inducing  body  continues  near  it.  The  quantity  of  the  two  charges 
thus  separated  will  depend  upon  the  quantity  of  the  charge  upon  the 
inducing  bpdy,  and  its  nearness  to  the  conductor.  By  tht  quantity 
of  a  charge  of  electricity  we  mean  its  power  of  doing  electrical  work 
in  returning  to  a  state  of  equilibrium.  This  is  more  generally  spoken 
of  as  its  potential. 

For  example,  a  highly  charged  body,  when  touched  with  the  finger, 
will  give  a  long,  brilliant  spark  or  will  strongly  attract  light  bodies, 
while  one  charged  with  a  low  potential  may  give  no  perceptible  spark 
and  attract  only  very  small  bodies.    A  positive  charge  is  frequently 
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spoken  of  as  a  high  potential,  while  the  negative  is  referred  to  as  a 
low  potential. 

Static  Electrical  Machines. — For  the  purpose  of  generating 
large  quantities  of  frictional  electricity,  various  kinds  of  machines  have 
been  devised.  In  the  earlier  machines  a  glass  cylinder  was  used, 
mounted  on  a  horizontal  axis,  -and  provided  with  a  crank  with  which 
to  revolve  it.  Upon  this  cylinder  a  rubber,  made  of  leather  dusted 
with  tin  or  zinc  amalgam,  was  pressed.  The  rubber  was  connected 
with  the  earth,  while  a  brass  comb  or  a  row  of  points  connected, 
with  a  conductor,  similar  to  the  one  represented  in  figure  24,  allowed 
the  positive  electricity  to  escape  from  the  glass  cylinder  to  the  con- 
ductor and  the  negative  to  escape  from  the  conductor  to  the  glass 
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cylinder.  Glass  discs  were  then  substituted  for  the  cylinder.  In  the 
more  recent  machines,  known  as  the  Toepler-Holti  machines  (see  Fig. 
24),  the  rubbers  are  dispensed  with.  The  charge  is  developed  entirely 
by  induction,  produced  by  rapidly  revolving  a  glass  plate  or  disc  near 
a  stationary  disc  bearing  two  armatures,  one  of  which  must  contain  a 
small  initial  charge  to  begin  with.  For  a  detailed  description  of  this 
somewhat  complicated  machine  the  student  is  referred  to  works  on 
physics.  It  is  so  arranged  that  either  a  constant  current  may  be  ob- 
tained, giving  most  of  the  effects  of  the  galvanic  current,  or  inter- 
mittent shocks,  giving  the  effects  of  the  interrupted  currents,  or  those 
of  the  electrical  bath.    As  the  potential  of  static  electricity  is  much 
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greater  than  that  of  galvanic,  about  to  be  considered,  it  may  be  applied 
throu^  the  clothes,  and  thus  obviates  the  necessity  of  uncovering  the 
part  to  be  brought  under  its  influence — a  fact  greatly  appreciated  by 
many  patients. 

Electricity  Produced  by  Chemical  Action. — If  in  a  vessel 
of  water  containing  a  little  sulphuric  or  hydrochloric  add  (i  :  20) 
a  strip  of  zinc  and  one  of  copper  or  platinum  be  inmiersed,  and  pre- 
vented from  coming  in  contact,  no  action  is  seen  to  take  place,  pro- 
vided the  add  and  zinc  be  pure.  If,  however,  we  connect  the  two 
strips  of  metal  by  a  wire,  or  if  the  upper  ends  of  the  strips  are  brought 
in  contact,  chemical  action  immediately  takes  place,  and  the  follow- 
ing phenomena  are  observed:  (i)  Small  bubbles  of  gas  are  seen  to 
collect  on  the  surface  of  the  platinum  strip,  while  the  zinc  slowly  dis- 
solves, and  at  the  same  time  the  add  begins  to  disappear.  In  the 
case  of  hydrochloric  acid,  the  chlorine  combines  with  the  zinc,  and 
the  hydrogen  escapes  from  the  opposite  plate.  (2)  We  find  a  peculiar 
property  manifested  by  the  wire.  If  a  magnetic  needle  be  placed 
near  the  wire,  it  is  turned  from  its  course.  If  the  wire  be  broken 
and  the  tongue  be  placed  between  the  two  ends,  a  tingling,  metallic 
taste  is  observed.  If  the  plates  are  large,  and  the  ends  of  the  wires 
are  placed  near  together  in  a  solution  of  copper  sulphate,  the  metallic 
copper  begins  to  deposit  on  one  of  the  wires.  In  a  word,  a  force  is 
developed  in  the  wires  which  we  call  electricity.  If  the  wires  are 
separated  from  each  other  by  air,  the  chemical  action  ceases,  the  gas 
ceases  to  escape  and  the  zinc  to  dissolve.  The  same  phenomena  are 
observed  when  we  substitute  for  the  above  metals  zinc  and  lead,  zinc 
and  gas  retort  carbon,  etc.  It  is  only  necessary  that  the  plates  be 
unequally  acted  upon  by  the  fluid  in  which  they  are  dipped;  and 
the  greater  this  difference,  within  certain  limits,  the  stronger  is  the 
force  developed  in  the  wire.  In  order  that  these  phenomena  shall 
take  place  the  following  conditions  are  necessary^: 

The  plates  and  connecting  wires  must  be  conductors  of 
electricity. 

The  liquid  must  contain  some  substance  with  which  one 
of  the  plates  can  form  a  chemical  compound. 

Theory  of  the  Galvanic  Cell. — In  order  to  bring  the  working  of  the  cell 
clearly  before  the  mind,  let  us  assume  the  plates  in  figure  25  to  be  platinum 
and  zinc,  and  the  exciting  fluid  to  be  a  solution  of  hydrochloric  add.  There 
is  very  positive  evidence  that  in  all  electrol)rtic  fluids  the  substance  in  solution 
is  spUt  into  two  component  parts  or  ions.  One  of  these  ions  is  charged 
with  positive  and  the  other  with  negative  electricity.  These  charges  are  equal, 
but  of  opposite  kinds.  Moreover,  the  charge  of  an  univalent  ion  is  always 
the  same.  A  bivalent  ion  has  a  charge  just  twice  as  strong  as  a  univalent  ion. 
The   charge   of   electridty   contained  in   a     univalent   ion   is   known    as  an 
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electron.  Negative  electrons  can  escape  from  and  exist  independently  of  the 
negative  ions,  whUe  the  positive  electrons  can  not.  In  the  case  of  hydrochloric  add, 
when  the  solution  is  dilute  the  most  of  the  molecules  are  dissociated  into  free  chlorine 
and  free  hydrogen  ions.  We  may  conceive  that  these  ions  are  wandering  haphazard 
about  in  the  solution  with  great  rapidity,  colliding  with  one 
another,  recombining  for  an  instant,  and  parting  company 
at  the  next  collision.  The  chlorine  and  hydrogen  atoms  are 
thus  rapidly  changing  partners  throughout  the  solution, 
but  a  large  number  of  them  alwa3rs  uncombined.  The 
movements  of  the  ions  are  haphazuxi  unless  directed  by 
a  icarce  like  electrid^  or  light.  The  chlorine  ions  are  each 
chaiged  with  a  ne^tive  electron  and  the  hydrogen  ions  are 
charged  with  positive  electrons.  If  in  such  a  fluid  we  put  a 
strip  of  zinc, — ^itself  a  conductor  of  electridty,  and  inher- 
entfy  electropositive, — it  will  attract  the  negatively  chai]|ed 
chlorine  ions  and  combine  with  some  of  them,  dischargmg 
their  negative  electridty  on  the  zinc  plate.  Some  hydrog^en 
ions  wiU  thus  be  left  unpaired  and  charged  with  positive 
electridty.  If  a  strip  of  platinum  be  placed  in  the  same 
solution  no  change  will  occur  until  the  two  plates  are 
brought  in  contact  either  directly  or  by  means  of  a  conduc- 
tor. When  such  connection  is  made,  the  platinum  plate 
recdves  negative  electridty  from  the  zinc  plate  through 

the  wire.  The  difference  in  tension  of  the  two  plates  will  depend  upon  the 
activity  of  the  negative  CI  ions  in  combining  with  the  zinc  plate.  As  soon  as  some 
of  Xht  hydrogen  atoms  receive  negative  electridty  from  the  platinum  plate  they  com- 
bine into  molecules  at  the  platinum  plate,  and  hydrogen  gas  is  seen  to  accumulate 
upon  this  plate. 

The  zinc  plate  now  attracts  more  chlorine  atoms,  and  again  begins  forming 
zinc  chloride.  There  is  thus  a  constant  current  of  electrical  force  bdng  conveyed 
from  the  one  plate  to  the  other  as  long  as  they  are  connected  by  a  conductor.  A 
constant  stream  of  chlorine  atoms  moves  toward  the  zinc  plate  and  of  hydrogen 
atoms  toward  the  platinum  plate.  There  is  a  constant  escape  of  hydrogen  from 
the  platinum  plate,  and  the  formation  of  zinc  chloride  at  the  zmc  plate. 

By  the  above  process  the  zinc  plate  is  actually  charged  above  Uie  normal  with 
negative  electridty.  It  is  this  difference  of  electrical  tension  which  causes  a 
neutralization  through  the  wires  as  long  as  the  exddng  fluid  and  the  zinc  plate 
last,  or  as  long  as  the  chemical  action  continues.  If  the  wires  are  disconnected  the 
platinum  plate  soon  becomes  charged  to  a  tension  ecjual  to  that  of  the  hydrogen 
atoms,  and  the  zinc  plate,  with  negative  electrons  until  the  chlorine  atoms,  will  no 
longer  be  attracted  to  it  or  combine  with  it.  The  action  then  ceases  until  the 
connection  is  again  made.  The  discharge  is  then  continuous  from  the  zinc  to 
the  platinum  plate,  and  it  can  also  be  shown  that  a  current  passes  through  the 
liqiud,  carried  by  the  hydrogen  and  chlorine  ions. 

The  Cuxtent  or  Circuit. — The  circuit  is  said  to  be  closed 
when  the  wires  are  connected  and  there  is  a  constant  flow  or  transfer 
of  force  through  the  wires  and  through  the  liquid.  It  is  said  to  be 
open  or  broken  when  the  wires  are  separated  so  that  the  transfer  of 
force  ceases. 

tf  the  wires  from  a  galvanic  cell  or  a  collection  of  cells  be  con- 
nected with  the  earth  instead  of  with  each  other,  the  current  flows  as 
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if  the  latter  were  really  done;  and  it  makes  no  difference  how  far 
apart  the  wires  connect  wi&  the  earth.  This  is  called  grounding 
the  battery.  No  current  actually  flows  from  one  point  to  the  other 
in  the  ground,  but  by  bringing  the  plates  in  contact  with  the  earth 
their  electrical  equilibrium  is  restored.  This  principle  is  made  use 
of  in  telegraphy  to  avoid  the  necessity  of  a  return  wire.  One  of  the 
wires  of  a  battery  situated  at  one  of  the  stations  is  grounded,  while 
the  other  passes  to  and  through  the  other  station  and  is  then  grounded 
at  that  point;  the  current  must  pass  between  and  throu^  both 
stations  to  complete  the  circuit,  or  restore  the  equilibrium. 

Electrical  Tension  or  Electromotiye  Force.— When  we 
speak  of  the  normal  electrical  condition  we  have  reference  to  the 
electrical  state  of  the  earth  or  bodies  in  contact  with  it.  The  earth 
is  the  great  storehouse  of  electricity,  as  the  ocean  is  of  water.  If 
water  be  taken  up  from  the  ocean  and  deposited  upon  the  mountain 
side,  it  will  run  back  to  the  sea  in  a  stream,  and  can  be  made  to  do 
work,  while  reaching  its  former  level,  by  turning  a  water-wheel.  The 
water,  in  other  words,  has  acquired  power  to  do  work  by  its  change 
'  of  position,  which  in  mechanics  is  called  potential.  In  the  galvanic 
cell  the  equilibrium  of  electricity  is  disturbed,  and  it  acquires  power 
to  do  work  in  returning  to  its  former  state  of  electrical  equilibrium. 
This  property  in  electricity  is  called  tension,  potential,  or  electro- 
motive force  (abbreviated  E.  M.  F.).  The  strength  of  the  E.  M.  F. 
will,  of  course,  depend  upon  the  difference  in  the  electrical  condition 
of  the  two  plates.  It  is  our  purpose  to  consider  here  only  such  prac- 
tical points  as  we  deem  essential  to  the  physician's  knowledge  in  the 
use  of  galvanic  batteries. 

Electrical  Units. — ^There  are  in  common  use  among  electricians 
certain  units  of  measure,  applied  to  currents,  which  it  is  convenient 
for  the  student  to  understand.  The  unit  of  electromotive  force 
is  called  a  volt.  It  is  the  power  of  the  current  to  overcome  resist- 
ance, and  the  volt  is  very  nearly  the  E.  M.  F.  of  the  Daniel  or  Cal- 
laud  gravity  cell.  The  E.  M.  F.  or  the  voltage  of  these  cells  is  about 
1.079  volts  per  cell. 

The  unit  of  resistance  which  a  current  encounters  in  its  passage, 
and  which  must  be  overcome  before  an  electrical  circuit  can  be  com- 
pleted, is  called  an  ohm. 

Just  as  there  must  be  sufficient  pressure  of  water  to  overcome  the  obstacles 
ofiFered  by  friction  and  short  curves  m  the  pipes,  before  water  will  be  delivered, 
10  must  there  be  sufficient  voltage  to  overcome  the  high  resistance  offered  by  poor 
conductors,  like  the  human  body,  before  there  will  be  a  passage  of  current.  The 
actual  current,  then,  that  produces  effects,  or  does  work,  is  prc3uced  by  the  excess 
of  electric  force  over  that  which  is  required  to  overcome  the  resistance  in  the  con- 
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ductor.  In  practice  it  is  foiind  necessary  to  employ  a  battery  of  from  thirty  to 
forty  cells,  according  to  the  kind  used,  in  order  to  secure  electromotive  force  suffi- 
cient to  overcome  tl^  resistance  of  the  body  and  have  a  working  excess  of  current. 

An  ampere  is  the  unit  of  measurement  of  the  passing  current. 
An  ampere  is  the  strength  of  current  furnished  by  an  electromotive 
force  of  one  volt  passing  for  any  given  time  through  a  circuit  whose 
total  resistance  is  one  ohm.  It  is  the  amount  of  work  the  current 
is  able  to  do  in  a  measured  time. 

But  inasmuch  as  the  tissues  of  the  body  could  not  endure  a  current 
of  one  ampere,  the  ampere  is  divided,  for  medical  purposes,  into  looo 
parts,  each  of  which  is  designated  a  milliampere.  The  strength  of 
currents,  then,  in  medical  batteries  is  usually  measured  in  miUiam- 
peres,  which  represent  not  the  actual  quantity  or  dose,  but  are  analogous 
to  the  strength  of  a  solution  which  we  might  use  externally  and  refer 
to  as  a  five  per  cent,  solution.  As  we  speak  of  a  pumping  engine 
delivering  a  one-inch  or  a  two-inch  stream  from  a  nozzle,  die  pres- 
sure remaining  the  same,  so  we  speak  of  the  current  passing  throu^ 
a  conductor  as  a  one-milliampere  or  two-milliampere  current. 

Whenever  it  becomes  necessary  to  measure  the  exact  quantity  or 
dose  administered  we  make  use  of  another  electrical  unit,  called  the 
coulomb,  by  which  we  mean  the  tmit  of  qiiantity.  The  cou- 
lomb is  such  a  quantity  of  electricity  as  would  flow  in  one  second 
through  a  circuit  whose  resistance  is  one  ohm,  under  an  electro- 
motive force  of  one  volt;  or,  it  is  one  ampere-second.  The 
number  of  coulombs  of  quantity  is  determined  by  means  of  an  instru- 
ment called  the  coulomb-meter,  in  which  the  current  is  made  to 
decompose  water  into  oxygen  and  hydrogen;  the  amount  of  this 
decomposition  being  proportional  to  the  amount  of  current  used. 
There  is  still  another  unit  by  means  of  which  the  total  electrical 
energy  is  measured,  and  which  is  designated  the  watt.  A  watt  is 
the  energy  of  a  current  flowing  under  a  difference  of  potential  of  one 
volt  and  a  strength  of  one  ampere,  and  is  sometimes  called  the  elec- 
trical horse-power.  It  is  expressible  in  mechanical  units;  746  watts 
being  equal  to  one  horse-power,  or  one  watt  =  j\^  horse-power.  To 
estimate  the  electrical  energy  of  any  current,  the  E.  M.  F.  in  volts 
is  multiplied  by  the  number  of  amperes  of  current  strength. 

Volts  X  Amperes      ,    _ 

^   ^ =  horse-power. 

746  *^ 

Legal  Units. — The  following  units  were  adopted  or  confirmed  by 
the  International  Electrical  Congress  at  Chicago  in  1893,  and  l^al- 
ized  by  the  United  States  Congress  in  1894. 

The  international  ohm  is  the  resistance  offered  by  a  colunm  of 
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merjuiy,  at  o^  C,  wd^bing  14-45^1  gm.  and  having  a  length  of  106.3 
cm.,  and  having  a  uniform  cross-section  throughout  the  length  cS 
the  column. 

The  international  anq^ere  is  such  a  current  as  will  deposit 
from  a  neutral  solution  of  silver  nitrate  ox)oiii8  gm.  of  sOver  per 
second,  or  4.025  gm.  per  hour.  The  amperage  of  a  current  may  be 
determined  by  depositing  sflver,  and  weighing  the  amount  deposited 
in  a  given  time. 

The  international  Tolt  is  the  electromotive  force  that,  steadily 
applied  to  a  conductor  whose  resistance  is  one  international  ohm,  will 
produce  a  current  of  one  international  ampere.  It  is  rq>resented  by 
mf  of  the  electromotive  force  of  a  standard  Clari^'s  cell,  at  a  tem- 
perature of  15^  C. 

The  il^temational  coulomb  is  the  quantity  of  electricity  trans- 
ferred by  a  current  of  one  international  ampere  in  one  second. 

The  international  farad  is  the  unit  of  capacity.  It  is  the 
capacity  of  a  condenser  charged  to  a  potential  of  one  volt  by  one  cou- 
lomb of  electricity. 

The  unit  of  work  is  the  joule,  which  is  equal  to  10,000,000  units 
of  work  in  the  centimeter-gram-second  system,  and  which  is  practi- 
cally equivalent  to  the  energy  expended  in  one  second  by  an  interna- 
tional ampere  in  passing  through  an  intema'tional  ohm. 

The  imit  of  power  is  the  watt,  which  is  equal  to  io,ooo/x)o 
units  of  power  in  the  centimeter-gram-second  system,  and  which  is 
practically  equivalent  to  the  work  done  at  the  rate  of  one  joide  per 
second. 

The  unit  of  induction  is  the  henry,  which  is  the  induction  in  a 
circuit  when  the  electromotive  force  induced  in  this  circuit  is 'one 
international  volt,  while  the  inducing  current  varies  at  the  rate  of 
one  ampere  per  second. 

The  MiUiampere-meter. — ^This  is  an  apparatus  introduced  into 
the  circuit  in  order  that  the  current  strength  the  patient  is  receiving 
at  any  given  time  may  be  accurately  measured.  Its  action  depends 
upon  the  fact — discovered  by  Oersted,  in  1841 — that  if  a  magnetic 
needle  be  mounted  near  a  wire  in  which  a  current  is  passing  it  will 
be  deflected.  He  found  that  if  a  current  be  sent  along  a  conductor 
brought  near  to  and  parallel  with  a  needle  (see  Fig.  27),  it  will 
cause  a  deflection  of  the  needle  in  the  direction  shown  by  the  curved 
arrows.  He  found,  further,  that  the  amount  of  this  deflection  wMl 
depend  upon  the  strength  of  the  current  in  the  wire,  and  upon  the 
proximity  of  this  to  the  needle.  If  the  conductor  be  returned  upon 
the  under  side  of  the  needle,  so  that  the  current  shall  flow  in  the  oppo- 
site direction,  the  needle  will  be  still  more  deflected,  and  in  the  same 
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direction.  By  using  a  number  of  turns  of  insulated  wire» — i.  e.,  form- 
ing a  coil,  as  shown  in  figure  26, — a  midtiplication  of  the  deflecting 
power  will  be  obtained.  The  plane  of  the  onl  must  coincide  with 
the  plane  of  the  earth's  magnetic  meridian.  If  this  needle  be  sus- 
pended or  mounted  over  a  dial  having  a  scale  of  degrees  marked  upon 
it,  the  number  of  d^rees  through  which  the  needle  swings  under  the 
influence  of  a  certain  current  passing  through  the  coil  will  indicate 
the  strength  of  the  current.  In  other  woi^  such  an  instrument 
would  be  a  gahranometer  or  electrometer. 

If  the  scale  is  so  divided  as  to  read  the  current  strength  in  amperes 
or  milliamperes,  the  instrument  would  be  known  as  an  ampere- 
meter or  miliiampere-meter. 


^ 
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Fio.  aj. 


In  the  above-described  milliampere-meter  the  instrument  must  be 
first  adjusted  with  ihe  needle  exactiy  in  the  magnetic  meridian.  The 
instrument  must  be  carefully  leveled  before  the  reading  is  taken.^  The 
needle  will  then  point  to  zero  on  the  scale. 

To  avoid  this  adjustment,  milliampere-meters  are  now  often  con- 
structed with  the  neeidle  mounted  in  the  field  of  a  permanent  magnet, 
which  serves  to  bring  the  magnet  always  to  zero  when  no  current  is 
passing  through  the  coils,  regardless  of  the  position  of  the  instrument. 
Milliampere-meters  are  sometimes  employed  in  which  the  elastic  force 
of  a  coiled  spring  is  applied  to  bring  the  needle  quickly  to  rest,  or 
cause  it  to  "dead-beat,"  without  any  delay  from  oscillations.  The 
strength  of  current  to  be  applied  to  the  human  body  varies  greatly, 
according  to  the  effect  to  be  produced,  from  10  to  300  milliamperes. 

Forms  of  Cells. — ^We  have  thus  far  discussed  only  one  form  of 
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cell.  The  term  battery,  strictly  speaking,  is  applied  to  a  collection 
of  cells;  but  it  is  frequently  applied  to  a  certain  form  of  cell  Various 
kinds  of  cells  are  in  common  use. 

One  difficulty  in  the  working  of  the  simple  cell  we  have  ahready 
described  is  that  the  hydrogen  accumulates  on  the  platinum  plate 
and  prevents  contact  with  the  liquid,  and  thus  obstructs  the  current. 
This  is  known  as  polarization  of  the  plates.  To  obviate  this,  various 
means  have  been  used  to  prevent  this  gas  from  accumulating  on  the 
platinum. 

In  Grove's  cell  (Fig.  28)  the  platinum  plate  is  suspended  in  a 
porous  earthenware  cup  filled  with  strong  nitric  acid  and  placed  in 

the  center  of  a  larger  cup 
contaii^ng  dilute  sulphuric 
add  (i  :  12).  The  nitric 
add  oxidizes  the  hydrogen, 
converting  it  into  water. 

Bunsen's  cell  is  con- 
structed in  the  same  way  as 
the  above,  except  that  the 
platinum  is  replaced  by  the 
cheaper  gas  retort  carbon. 

In  the  working  of  the  above 
cells  the  nitrous  fumes  evolved 
are   very   objectionable.      To 
Fio.  98.  avoid  this,  a  solution  of  chro- 

mic add  in  sulphuric  add — 
made  by  adding  to  eighteen  parts  of  water  four  parts  of  potassium 
bichromate  and  four  of  sulphuric  add — may  be  used.  The  chromic 
add  serves  to  destroy  the  hydrogen  in  the  same  way  as  the  nitric  add, 
and  no  porous  cup  is  needed.  The  elements  used  are  zinc  and  carbon. 
This  cell  gives  a  strong  current  for  a  short  time,  and  is  one  of  the  best 
in  usft  for  medical  purposes.  The  zinc  plates  are  always  removed 
from  the  liquid  when  the  battery  is  not  in  use.  In  some  medical  bat- 
teries a  solution  of  acid  sulphate  of  mercury  in  water  is  used  as  the 
exciting  fluid  instead  of  the  above.  In  this  case  the  plates  are  small, 
and  made  of  zinc  and  carbon.  The  zinc  combines  with  the  sulphuric 
ions,  and  mercury  instead  of  hydrogen  is  set  free.  Another  form  of 
battery  is  one  in  which  the  exciting  fluid  is  diluted  sulphuric  acid 
and  the  elements  zinc  and  silver.  The  latter  are  inclosed  in  a  layer 
of  chloride  of  silver,  which  is  intended  to  prevent  the  hydrogen  from 
accumulating  on   the  silver  plate  by  combining  it  with   chlorine. 

aAgCl  +  H,  -  Afo  +  2Ha. 
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These  cells  are  usually  made  in  the  form  of  long,  narrow  cylmderSy 
so  as  to  occupy  a  smaU  space,  and  are  very  constant  and  effective. 

In  the  Le€lanch6  cell  (Fig.  29),  as  usually  constructed,  the  ele- 
ments are  a  plate  of  carbon  and  a  rod  or  hollow  cylinder  of  zinc.  The 
carbon  plate  is  surrounded  by  a  layer  of  peroxide  of  manganese,  or 
ferric  oxide,  to  serve  as  a  depolarizing  agent.  The  exciting  fluid  is 
a  strong  solution  of  anmionium  chloride  in  water.  This  cell  is  in 
very  common  use  where  an  open  circuit  is  used,  is  very  constant,  re- 
quires attention  only  at  long  intervals,  and  is  inexpensive.  Various 
oKxlifications  of  this  cell  have  been  proposed,  and  of  these  the  Law 
cell  has  the  advantage  of  being  most  durable. 

The  Callaud  cell  (Fig.  30)  is  constructed  as  follows:  The  ele- 
ments are  zinc  and  copper.    The  former  is  suspended  in  the  upper 
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portion  of  a  solution  of  copper  sulphate  contained  in  a  glass  jar.  The 
copper  plate  lies  at  the  bottom  of  the  jar,  and  the  wire  attached  to 
it  is  covered  with  gutta-percha,  for  the  purpose  of  insulating  it. 
From  time  to  time  copper  sulphate  crystals  are  dropped  into  the  jar, 
to  keep  up  the  supply. 

TUs  cell  is  good  when  used  on  a  closed  circuit  and  the  battery 
is  in  constant  use  for  telegraphic  purposes.  It  is  very  constant  when 
kept  in  good  order,  but  has  a  low  electromotive  force,  and  is  seldom 
used  in  the  construction  of  medical  batteries. 

Care  of  Batteries. — ^In  order  that  a  battery  may  perform  its 
work  it  will  need  some  care  in  its  management.  All  metallic  con- 
nectionSy  as  well  as  the  wires  through  which  the  current  is  to  pass. 
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must  be  of  good  conducting  material.  Copper  or  silver  wire  is  usually 
employed  for  conductors,  and  where  two  wires  are  meant  to  connect 
their  surfaces  must  be  bright  and  free  from  oxides,  which  are  poor 
conductors.  As  far  as  possible,  a  imiform  strength  of  exciting  fluid 
should  be  maintained.  In  most  batteries  this  will  require  entire 
renewal  from  time  to  time,  in  order  to  supply  new  material  for  chemical 
action  and  to  remove  the  products  of  former  action. 

Local  Currents. — Owing  to  the  imperfections  in  the  zinc  used  in 
the  construction  of  batteries,  it  is  unequally  acted  upon  by  the  liquid. 
The  points  where  the  zinc  is  harder,  or  contains  iron,  lead,  or  arsenic, 
act  as  negative  plates  to  the  rest  of  the  zinc,  and  thus  currents  are 
set  up  between  them  which  eat  away  the  zinc  and  cause  a  serious 
loss  of  material,  as  well  as  of  force.  When  the  battery  is  not  in  use 
bubbles  of  hydrogen  gas  will  be  seen  to  escape  from  the  zinc  plate, 
which  slowly  dissolves.  When  in  use,  this  hydrogen  prevents  contact 
between  the  plate  and  the  liquid,  thus  greatly  weakening  the  action 
upon  the  plate  and  increasing  the  resistance  to  the  passage  of  the 
current  from  the  liquid  to  the  metal.  "Amalgamation"  of  the  zinc 
prevents  this  action  by  forming  over  the  surface  of  the  plate  a  homo- 
geneous layer  of  zinc  amalgam. 

To  amalgamate  the  zincs,  first  wash  them  in  dilute  sulphuric  add  (i  :  6),  and 
then,  while  still  wet,  pour  mercury  upon  them,  and  rub  in  the  drops  until  the  whole 
surface  is  uniformly  bright  and  smooth.  Or,  they  may  be  dipped  in  a  saturated 
solution  of.  bichloride  of  mercury  (corrosive  sublimate)  containing  a  few  drops  of 
hydrochloric  add.  It  is  well  to  keep  a  little  mercury  in  the  bottom  of  each  cell, 
which  keeps  the  plate  amalgamated.  A  hissing  sound, 
or  the  evolution  of  hydrogen  from  the  surface  of  the 
zinc,  is  a  sure  sign  that  the  zincs  need  re-amalgamating. 

Polarity  of  the  Elements  of  Batteries.— 
A  serious  hindrance  to  the  woridng  of  batteries 
is  what  is  called  the  polarization  of  the  plates. 
We  have  already  referred,  when  speaking  of  the 
.  construction  of  cells,  to  the  accumulation  of 
hydrogen  on  the  carbon  or  platinum  plate. 
When  the  current  is  of  considerable  strength, 
oxygen  accumulates  on  the  zinc  plate  and  hydro- 
gen on  the  opposite  one.  We  then  have  a  layer 
or  plate  of  hydrogen  against  the  carbon  and  a 
Fio.  31.  layer  or  plate  of  oxygen  against  the  zinc.    The 

former  of  these  is  positive  and  the  latter  nega- 
tive, and  they  are  connected  by  the  same  wires  as  the  primary  plates, 
as  will  be  seen  by  a  glance  at  fiigure  31.  Not  only  is  the  liquid  kept 
from  perfect  contact  with  the  plates,  but,  owing  to  the  action  of  the 
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liquid  upon  these  new  gaseous  plates,  a  current  is  develq>ed  in  the 
opposite  direction  to  that  of  the  primary  current,  and  which  may 
become  so  strong  that  it  aknost  entirely  overcomes  the  original  airrent 
and  destroys  the  efl&dency  of  the  batteiy. 

Some  method  must  be  adopted,  therefore,  to  prevent  the  hydrogen 
horn  accumulating  upon  the  carbon  or  platinum  plate.  Nitric  or 
chromic  adds,  oxides  of  manganese,  copper,  or  iron,  silver  chloride, 
and  copper  sulphate  are  all  used  for  this  purpose. 

Secondary  or  Storage  Batteries.— The  polarity  of  the  plates 
of  a  battery  cell  is  utilized  in  the  secondary  or  storage  batteries. 
The  cell  contains  two  or  more  plates  of  large  size,  constructed  of 
sheet-lead;  or  one  is  made  of  sheet-lead,  to  be  connected  with  the 
n^ative  pole,  and  the  other  of  peroxide  of  lead,  to  be  charged  from 
the  positive  pole  of  the  charging  battery  or  current.  The  E.  M.  F. 
of  such  cells  is  about  two  volts  during  discharge.  The  cell  is  filled 
with  dilute  sulphuric  add.  The  plates  are  polarized  by  passing  a 
current  through  the  battery.  The  hydrogen  accumulates  in  or  upon 
one  plate  and  the  oxygen  in  the  other.  On  now  disconnecting  the 
charging  battery,  it  is  found  that  a  current  may  be  obtained  from 
the  polarized  cdl  for  some  time,  but  in  the  direction  opposed  to  that 
of  the  charging  current.  When  the  plates  of  this  battery  are  once 
charged  they  will  remain  charged  for  some  weeks,  and  the  current 
may  be  obtained  at  any  time  by  connecting  the  wires  from  the  opposite 
plates. 

Reaistance  of  Conductors. — Conductors  are  bodies  which  allow 
a  ready  transmission  of  the  electrical  impulse  through  them,  and  are 
contrasted  with  another  dass  of  bodies,  called  non-conductors  or  insu- 
lators.   These  terms,  however,  are  only  relative. 

If  we  compare  wires  of  the  same  material,  but  of  different  sizes 
and  lengths,  we  find  that  the  resistance  of  wires  increases  with 
the  length  and  diminishes  as  the  area  of  the  cross-section 
increases. 

Some  bodies  conduct  electridty  with  great  ease,  while  others  offer  more  re- 
sistance to  the  passage  of  the  current  or  entirely  refuse  to  allow  an  appreciable 
amount  to  pass.  Even  the  best  conductors  offer  some  resistance  to  the  passage  of 
the  current  The  metals  are  the  best  conductors,  and  of  these  silver  is  the  best 
conductor  known.  Copper  is  second  only  to  silver,  and  when  both  metals  are  pure 
the  difference  is  but  slight 

When  a  ceU  is  in  action  the  current  not  only  meets  with  resistance  in  the  wires, 
but  also  in  the  liquid  of  the  cell  through  which  it  has  to  pass.  This  last  resistance 
is  usually  much  greater  than  that  of  the  wires,  and  Is  an  important  element  in 
determining  the  strength  of  the  current. 

Ohm's  Law. — This  law  states  that  the  strength  of  a  current 
develoD«>d  by  a  battery  is  equal  to  the  electromotive  force  divided 
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by  the  resistance.  By  electiomotiye  force  we  mean  die  Uxce  with 
which  the  dectric  current  is  set  in  motion,  or  the  difference  in  poten- 
tial of  the  two  plates  of  the  cell  used.  This  law  may  be  stated  alge- 
braically as  follows:  C  =  r^^,  where  R  represents  the  internal 
redstance  of  the  liquid,  r  the  external  resistance,  or  that  offered  by 
the  wire,  and  £  the  electromotive  force,  which  is  always  the  same 
when  the  same  metals  and  exdting  liquids  are  used.  In  any  given 
form  of  battery,  variations  in  the  strength  of  the  current  must  be  due 
to  variations  in  resistance,  either  in  the  external  or  the  internal  part 
of  the  circuit,  to  a  change  in  the  strength  of  the  exciting  liquid,  to 
polarity  of  the  plates,  or  to  secondary  currents.  We  have  already 
spoken  of  the  resistance  offered  to  the  current  by  the  polarity  current, 
flowing  in  the  opposite  direction,  and  which  sometimes  becomes 
almost  as  great  as  the  electromotive  force  can  overcome.  It  is  clear 
that  in  order  to  increase  the  value  of  C,  in  the  above  formula,  we 
must  increase  £  or  diminish  R  and  r.  To  increase  the  electromotive 
force  we  select  such  metals  and  liquids  as  will  give  us  a  relatively 
hi^  intensity  of  current.  We  may  increase  the  intensity  of  the  E. 
M.  F.  by  joining  several  cells,  so  that  the  force  of  the  one  may  be 
reinforced  by  the  next,  and  so  on.  This  is  done  by  connecting  the 
zinc  of  the  first  to  the  carbon  of  the  second,  the  zinc  of  the  second 
to  the  carbon  of  the  third,  etc.  Each  cell  added  to  the  series  adds  to 
the  current  its  £.  M.  F.,  diminished  by  its  internal  resistance,  the 
external  resistance  being  too  small  to  be  regarded.  The  formula 
applied  to  the  series  would  be,  when  n  equals  the  nvunber  of  cells: 
C  =  "^fj-  Now,  when  the  external  resistance  in  the  wire,  r,  is  very 
small  in  comparison  with  R,  as  when  flowing  through  an  ordinary 
copper  wire,  it  may  be  disregarded,  and  the  equation  then  becomes 
C  —  -|-.  That  is,  the  effect  of  a  battery  of  several  elements,  in  such 
a  case,  is  no  greater  than  that  of  a  single  cell.  If,  however,  the  ex- 
ternal resistance,  r,  is  great,  as  when  the  electrodes  are  applied  to  a 
human  body,  which  has  a  resistance  many  times  greater  than  the 
usual  value  of  R,  the  value  of  C  increases  or  diminishes  very  nearly 
in  the  same  ratio  as  the  number  of  cells.  For  medical  purposes, 
therefore,  we  usually  combine  the  cells  as  above  described.  Elements 
or  cells  so  arranged  are  said  to  be  arranged  in  series,  or  arranged 
for  intensity. 

We  may  also  increase  the  value  of  C,  in  the  above  formula,  by 
increasing  the  size  of  the  plates,  provided  the  external  resistance  is 
small.  By  so  doing  we  do  not  increase  the  electromotive  force  of 
the  current  in  the  wire,  but  we  reduce  the  resistance  in  the  cell,  by 
virtually  combining  several  plates  into  one,  and  increasing  the  surface 
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exposed  to  the  liquid^  without  increasing  the  distance  through  which 
the  current  has  to  pass  in  the  liquid.  Whether  the  plates  in  this  case 
are  all  in  one  or  different  cups,  the  current  only  his  to  traverse  the 
fluid  from  one  plate  to  another.  The  internal  resistance  in  this 
arrangement  is  small  Where  a  small  resistance  is  to  be  overcome, 
therefore,  large  plates  are  to  be  preferred;  or,  which  is  the  same 
thing,  all  the  zinc  plates  of  the  battery  may  be  connected,  and  aU  the 
carbon  plates.  When  the  cells  are  arranged  in  this  manna:  they  are 
said  to  be  arranged  in  multiple  Arc,  or  for  quantity.  The  poles 
or  electrodes  of  a  battery  of  cells  are  the  conducting  wires;  that 
attached  to  the  zinc  plate  is  the  cathode  or  negative  electrode,  and 
that  attached  to  the  platinimi,  carbon,  or  copper  plate  is  the  anode 
or  positire  electrode. 
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In  electrotherapy  the  term  electrode  is  often  used  to  designate 
the  appliance  fastened  to  the  end  of  the  wires  for  application  to  the 
patient,  while  the  wires  are  called  rheophores. 

Induced  Currents. — If  a  current  of  electricity  be  passed  through 
one  of  two  parallel  wires,  B  A  and  C  D  (Fig.  32),  lying  near  together, 
no  current  is  observed  in  C  D  as  long  as  the  current  in  B  A  is 
constant;  but  if  this  be  abruptly  stopped,  an  instantaneous  current 
is  developed  in  C  D,  which  we  can  demonstrate  by  connecting  this 
wire  with  a  galvanometer,  G.  When  we  make  the  current  pass 
from  B  to  A,  the  current  in  the  wire  C  D  takes  the  direction  from 
C  to  D;  but  on  breaking  the  primary  current,  the  induced  current 
takes  the  direction  D  to  C.  If,  therefore,  we  rapidly  make  and  break 
the  primary  or  battery  current  by  means  of  the  key,  K,  we  shall  have 
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a  rapid  to-and-fro  current  in  the  secondary  wire,  C  D.  Now,  if  these 
wires  be  covered  with  silk,  or  insulated,  and  are  wound  together  around 
a  spool  or  bobbin,  the  conditions  of  the  experiment  will  remain  un^ 
changed,  and  we  shall  have  the  same  phenomena  in  the  coiled  wires 
as  in  the  straight.  Such  a  coil  is  known  as  an  induction  or  Ruhmkorfif 
coQ.  The  strength  of  the  current  in  the  secondary  wire,  or  the  in- 
duced current,  will  vary  du-ectly  as  the  length  of  the  wire  acted  upon, 
the  strength  of  the  battery  or  primary  current,  and  inversely  as  the 
distance  tiie  wires  are  from  each  other. 

The  Induction  Coil. — It  is  customary,  in  constructing  an 
induction  cchI,  to  make  the  primary  coil  of  large,  thick  wire,  so  as  to 
allow  the  battery  current  to  pass  with  as  little  resistance  as  possible, 
and  to  make  the  secondary  coil  of  a  much  longer  and  thinner  wire. 
The  former  is  made  into  a  smaller  coil,  which  slips  into  the  latter, 
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but  the  two  are  separate  and  distinct.  Into  the  inner  coil  is  pushed 
a  bundle  of  soft  iron  wires,  which  act  as  magnets  when  the  battery 
current  is  sent  through  the  coil.  A  small  armature,  or  piece  of  soft 
iron,  fastened  to  a  spring,  vibrates  before  the  end  of  the  bundle  of 
wires.  When  no  current  is  passing  the  spring  rests  against  the  point 
of  the  screw,  Sc,  figure  33.  When  a  current  is  sent  through  the  inner 
coil  from  B  to  A,  an  induced  current  is  produced  in  the  outer  cofl, 
from  S  to  S'  or  from  C  to  D.  At  the  same  instant  the  current  B  A 
magnetizes  the  core  of  wires  O  O,  and  the  hanuner  H  is  drawn  toward 
it  and  away  from  the  point  of  the  screw.  This  breaks  the  current 
at  that  point,  the  core  demagnetizes,  the  spring  brings  the  hammer 
back  to  the  screw,  and  the  process  is  repeated  as  long  as  the  current 
from  the  battery  E  lasts.    The  induced  current  in  S  S'  is,  therefore, 
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a  to-and-fro  current,  or  a  make  induced  in  one  direction,  apd  a 
break  induced  in  the  opposite  direction. 

This  current  is  known  as  the  secondary,  induced,  interrupted, 
or  Faradic  current.  The  two  wires  from  the  battery  cell  (Fig.  34) 
are  connected  with  the  primary  coil  by  the  binding  posts,  and  carry 
the  battery  current  The  other  wires  shown  are  the  terminal  wires 
of  the  outer  or  secondary  coil,  and  carry  the  induced  ciurent 

Extra  Current. — It  is  very  evident  that  each  turn  of  wire  in  the 
primary  coil  lies  very  close  to  and  parallel  with  the  adjoining  turns 
of  the  same  wire,  and  that  these  consecutive  turns  may  be  consider^ 
as  constituting  a  series  of  parallel  wires.  In  fact,  every  variation  of 
the  current  in  the  wire  A  B,  figure  33,  generates  electromotive  force 
in  the  contiguous  turns.  An  induced  current  is  thus  produced  in  tb« 
wire  A  B,  which  obeys  the  same  laws  as  that  induced  in  the  ii4^ 


pendent  wire  CD,  and  in  the  direction  opposed  to  the  battery 
current  when  the  latter  is  made  or  increased,  and  in  the  same  direc- 
tion when  it  is  broken.  This  current  is  known  as  the  primary 
induced  or  extra  current.  During  the  making  or  increasing  of 
the  battery  current  this  extra  current,  acting  against  the  battery 
current,  retards  or  resists  it,  and  hence  is  not  felt  at  the  poles  P  and 
P^  At  the  break  this  current  goes  in  the  opposite  direction,  and, 
as  there  is  nothing  to  resist  it,  may  be  felt  with  its  full  force  at  P  and 
P'.  This  ciurent  is  therefore  interrupted,  and  is  felt  only  at  the 
break  of  the  battery  current,  and  always  in  the  direction  of  this  cur- 
rent; The  primary  induced  or  extra  current*  is  feebler  than  the  sec- 
ondary, because  the  length  of  wire  acted  upon  is  shorter.  As  we 
have  just  said,  the  make  extra  current  retards  the  battery  current, 


58  MEDICAL  CHEMISTRY. 

SO  that  it  takes  an  appreciable  time  for  this  current  to  attain  its  maxi- 
mum force;  and  the  make  induced  current  is  weakened  in  proportion 
to  the  longer  time  required.  The  secondary  ciurent  developed  at 
the  time  of  making  the  battery  current  is  therefore  weak,  and  its  physi- 
ological and  chemical  effects  are  almost  inappreciable.  The  break — 
secondary  as  well  as  primary — is  developed  with  its  full  electromotive 
force  instantaneously;  hence,  it  alone  has  an  appreciable  effect  when 
a  resistance  such  as  the  human  body  is  put  into  the  circuit. 

Influence  of  the  Core. — As  we  have  stated  above,  when  a  gal- 
vanic current  is  sent  through  a  coil  of  wire  wound  about  a  bar  of  soft 
iron,  the  bar  becomes  a  magnet  as  long  as  the  current  passes,  and 
loses  its  magnetism  as  soon  as  the  current  in  the  wire  is  broken.  The 
effect  of  the  b\mdle  of  soft  iron  wires  is  the  same  as  that  of  a  single 
bar.  Moreover,  when  a  magnet  is  suddenly  made  or  destroyed,  it 
causes  a  current  to  flow  through  the  wire  wound  about  it.  The  effect 
of  the  magnetic  core  is,  then,  only  to  retard  the  battery  current  when 
it  is  first  passed  through  the  coil,  and  to  still  further  weaken  the  induced 
currents  developed  by  it.  Its  sudden  demagnetization  reinforces  the 
break  currents  and  makes  them  stronger.  The  currents  are  further 
modified  by  means  of  a  draw  tube  made  to  inclose  more  or  less  of 
the  primary  coil.  When  this  is  completely  withdrawn  the  current  is 
strongest,  and  when  the  inner  coil  is  completely  inclosed  by  it  the 
currents  are  considerably  weakened.  Occasionally  the  secondary  coil 
is  made  to  include  any  desired  length  of  the  primary,  and  thus  the 
current  may  be  varied  at  will.  Figure  34  shows  an  induction  coil 
with  Grenet  cell  ready  for  use. 

Electricity  from  Magnetism. — Besides  chemical  action,  other 
methods  of  producing  electricity  may  be  employed.  We  have  above  re- 
ferred to  the  effect  of  suddenly  making  and  destroying  a  magnet  within 
a  coil  of  wire.  The  same  effect  is  produced  when  the  magnet  is  made 
to  approach  or  recede  from  the  coU  of  wire  or  when  the  magnet  is  in- 
creased and  decreased  in  strength.  The  simplest  magneto-electric 
apparatus  is  composed  of  a  strong  horseshoe  magnet,  before  the  poles 
of  which  two  short,  soft  iron  bars,  called  armatures,  mounted  on  a 
shaft  and  wound  with  coils  of  wire,  are  made  to  revolve  by  a  crank. 
As  the  soft  iron  approaches  the  poles  it  becomes  a  magnet,  and  in- 
duces a  current  in  the  wire.  As  it  recedes  from  the  poles  the  current 
in  the  wire  is  reversed,  but  by  a  pole  changer  it  is  made  to  pass  from 
the  instrument  in  the  same  direction.*    By  multiplying  the  number 


*  In  another  form  of  the  machine  the  coil  of  wire  is  on  the  magnet,  and  the  cur- 
rent is  produced  by  the  variations  in  the  magnet  itself,  caused  by  the  varying  distance 
of  the  armatures. 
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of  magnets  and  armatures,  by  using  the  current  developed  to  strengthen 
the  magnets,  and  by  revolving  the  armatures  at  a  high  rate  of  speed, 
a  very  large  amount  of  electricity  may  be  produced.  Electricity 
for  light  and  power  is  now  generally  supplied  by  machines  made 
upon  this  principle  and  driven  by  steam  or  water-power.  Such  ma- 
chines are  called  dynamo-electric  nlkchines.  Small  machines  are 
sometimes  employed  for  medical  purposes.  In  these  machines  the 
electricity  is  the  result  of  the  conversion  of  mechanical  force  into 
electrical  force,  the  two  being  mutually  convertible. 

Electricity  from  Heat;  Thermo-electrical  Currents. — If  two 

•  b 
bars  of  dissimilar  metals  be  soldered  together  at  one  end,  thus:  V>  ^^'^ 

c 

the  junction  c  be  heated  while  the  ends  a  and  h  are  cool,  electricity  will 
pass  between  a  and  h  when  connected  by  a  wire.  The  direction  of  the 
current  will  depend  upon  the  metals  composing  the  couple.  If  the  metals 
be  bismuth  and  silver,  the  current  will  be  from  the  former  to  the  latter; 
if  German  silver  and  iron,  the  current  will  be  from  the  former  to  the 
latter.  By  arranging  a  large  number  of  such  pairs  thus,  — WWWW+,  so 
that  alternate  jimctions  can  be  heated,  a  current  of  considerable  strength 
may  be  produced.  Such  a  series  is  called  a  thermO'eUctric  pile,  and 
may  be  constructed  by  arranging  the  bars  in  the  form  of  rays  around 
a  hollow  center,  in  which  a  lamp  or  fire  can  be  kept  burning,  and 
thus  furnish  a  constant  current  of  electricity. 

Electrolysis  and  Electrical  Dissociation.— The  molecules  of 
xnany  simple  chemical  substances,  on  being  dissolved  in  water,  are 
more  or  less  completely  split  up  or  dissociated  into  two  or  more  (gen- 
erally two)  parts  called  ions.  This  behavior  of  substances,  on  going 
into  solution,  is  known  as  electrolytic  dissociation  or  ionization. 
The  substances  which  dissociate  in  this  manner  are  all  conductors  of 
electricity,  and  are  called  electrolytes.  Indeed,  those  substances 
which  do  not  dissociate  are  non-conductors. 

When  a  current  of  electricity  passes  through  an  electrolyte  or 
its  solution,  the  latter  undergoes  certain  changes,  which  we  group 
under  the  term  electrolysis.  The  electrodes  are  the  conductors  by 
which  the  current  enters  or  leaves  the  electrolyte.  Under  the  influence  of 
an  electrical  current  the  ions  of  the  electrolyte  migrate  in  two  direc- 
tions. Those  ions  which  migrate  toward  and  concentrate  about  the 
anode  (or  positive  electrode)  are  called  anions.  Those  which  migrate 
toward  and  accumulate  about  the  cathode  (or  negative  electrode)  are 
called  cathions.  Certain  gases  undergo  ionization  under  the  action  of 
ultra-violet  light,  Rontgen  rays,  radium  rays  or  heat. 

If  two  pladnxim  or  gas-retort  carbon  electrodes  be  dipped  into  a  solution  of 
hydrodilork  add,  hydrogen  gas  escapes  at  the  negative  pole,  and  chlorine  at  the 
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positive.  If  a  dilute  solution  of  sulphuric  acid  be  used  instead  of  hydrochloric,  the 
H  ions  concentrate  about  the  negative,  and  SO4  ions  about  the  positive  electrode. 
The  SO4  ions,  not  being  able  to  combine  with  the  plate,  decompose  the  water, 
combine  with  the  hydrogen,  and  set  free  oxygen.  While  the  acidity  about  the  posi- 
tive pole  is  stronger  than  throughout  the  liquid,  only  oxygen  is  set  free  here. 

If  a  solution  of  sodium  chloride  or  sodium  sulphate  be  used  as  the  electrolyte, 
and  the  current  be  quite  strong,  Na  tons  concentrate  about  the  —  electrode  and  CI 
or  SO4  ions  about  the  +  electrode.  The  Na  atoms'  take  the  hydroxyl  from  the 
water  and  set  free  an  equivalent  number  of  H  atoms.  The  SO4  ions  take  hydrogen 
from  water  and  set  free  an  equivalent  number  of  O  atoms.  The  chlorine  ions  act 
in  a  similar  manner  upon  water,  although  imperfectly,  and  set  free  a  mixture  of 
chlorine  and  oxygen.  In  all  cases  the  amount  of  hydrogen  set  free  is  directly 
proportional  to  the  amount  of  current  passed  through  the  liquid. 

If  a  solution  of  a  salt  of  a  metal,  which  does  not  decomi)ose  water  under  the  con- 
ditions of  the  experiment,  be  used  as  the  electrolyte,  and  the  current  be  not  too  strong, 
the  metal  appears  at  the  —  electrode,  and  deposited  upon  it  in  a  tenacious  layer, 
capable  of  taking  a  polish.  The  weight  of  metal  deposited  in  a  given  time  is  a 
measure  of  the  quantity  of  current  passing  through  the  solution. 

The  salts  of  some  of  the  metals — the  earths  and  the  alkalies — require  a  very 
strong  current,  while  some  of  the  other  metals  do  not  require  more  than  the  current 
of  one  or  two  ordinary  Leclanch^  cups.  The  process  of  depositing  metals  upon  the 
surface  of  other  metals  has  come  into  extensive  use  in  the  arts  of  electroplating  and 
electrotyping.  The  principal  metals  used  to  deposit  upon  others  in  this  way  are 
gold,  silver,  copper,  and  nickel.  The  objects  to  be  attained  are  to  protect  easily 
oxidizable  metals  fi-om  rust,  to  preserve  a  brilliant  surface,  and  to  coat  cheaper 
metals  with  the  more  valuable  ones.    This  process  is  known  as  electroplating. 

Electrometallurgy  or  Electroplating.—Silver  and  copper  ai« 
more  easily  deposited  than  most  other  metals.  The  strength  of  cur- 
rent needed  to  deposit  these  metals  is  rather  feeble,  unless  the  sur- 
face to  be  coated  is  large.  The  quantity  of  electricity  should  be 
varied  according  to  the  surface  to  be  coated,  larger  siuiaces  requiring 
a  stronger  current  than  smaller  ones.  The  strength  of  the  solution 
of  the  metal  to  be  deposited  must  be  governed  somewhat  by  the 
material  composing  the  article  to  be  plated  and  the  strength  of  the 
current,  and  will  have  to  be  determined  experimentally  by  the  be- 
ginner. When  the  proper  strengths  of  solution,  current,  etc.,  have 
been  found,  these  should  be  kept  as  nearly  constant  as  possible.  The 
plating  solution  may  be  kept  of  constant  strength  by  suspending  from 
the  positive  pole  of  the  battery  a  plate  of  the  same  metal  as  that  con- 
tained in  the  solution,  the  size  of  which  should  be  nearly  equal  to  that 
of  the  article  to  be  plated. 

Chemical  and  Physiological  Effects  of  Electricity  on  the 
Human  Body. — ^When  a  galvanic  current  b  passed  through  an 
animal  tissue,  the  following  changes  take  place:  The  water  in  the 
tissue  is  decomposed,  the  hydrogen  appears  at  the  negative  pole,  along 
with  the  hydroxides  of  potassium  and  sodium,  while  the  oxygen,  with 
the  non-metals  or  add  radicals,  appears  at  the  positive.    The  nascent 
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ozjTgen  and  adds  suirounding  the  positive  pole  attack  the  neighboring 
tissues  and  convert  them  into  a  hard  eschar,  while  the  alkalies  at  the 
other  pole  exercise  their  caustic  properties  and  form  a  soft,  frothy 
mass,  containing  hydrogen  gas  in  small  bubbles. 

When  a  sufficiently  strong  and  somewhat  prolonged  current  is 
applied  to  the  skin,  a  similar  effect  to  the  above  is  produced  at  the 
point  of  contact  of  the  electrodes.  At  the  positive  electrode  the 
skin  first  becomes  red,  with  a  burning  sensation;  then  an  eschar  is 
produced,  with  an  add  reaction  of  the  tissues.  The  eschar  resembles 
that  produced  by  a  strong  acid.  At  the  negative  electrode  there  is  a 
vesicte  formed  containing  an  alkaline  liquid;  if  the  action  be  pro- 
longed, more  extensive  ulceration  takes  place.  From  this  it  will  be 
seen  that  strong  currents  should  be  used  with  care,  unless  it  be  desired 
to  produce  destruction  of  tissue,  as  in  the  removal  of  tumors,  super- 
fluous hairs,  etc.  When  destruction  of  tissue  in  a  deep-seated  organ 
has  been  produced  by  electricity,  the  eschar  is  absorbed  without 
suppuratioji,  provided  the  destruction  is  not  too  extensive.  By  the 
use  of  a  suitable  current  regulator,  the  current  used  for  incandescent 
lights  may  be  employed  for  medical  purposes,  instead  of  that  from  a 
galvanic  battery.  The  effects  of  the  magneto-electrical  current  are  very 
similar  to,  if  not  identical  with,  those  of  the  galvanic  current. 

Static  electridty  seems  to  be  a  powerful  nerve  stimulant,  it  probably 
exerting  no  other  effect. 

Cataphoresis  is  die  name  given  to  die  process  of  carrying  ions  into 
the  tissues  by  an  electric  cimrent.  When  a  solution  of  an  electrolyte 
is  placed  between  die  electrodes  and  the  skin,  and  a  galvanic  current  is 
passed  diere  is  a  double  current  of  ions  between  the  two  electrodes,  the 
negative  ions  passing  toward  the  positive  electrode  and  die  positive 
ions  toward  the  negative  electrode.  The  ions  of  the  metals  and  alkaloids 
can  be  carried  into  the  tissues  under  die  positive  electrode  and  the  non- 
metallic  and  add  ions  under  the  negative  electrode.  Local  anaesdiesia 
can  thus  be  produced  with  a  cocaine  solution.  The  depth  to  which  the 
ions  are  carried  will  depend  upon  the  strength  of  the  current  and  the 
time  it  continues.  The  solution  of  the  electrolyte  is  applied  on  several 
layers  of  lint  upon  which  the  metallic  electrode  is  placed;  the  current 
is  to  be  very  gradually  increased  by  means  of  a  rheostat  to  from  lo  to 
30  miUiamperes  and  allowed  to  continue  from  thirty  to  sixty  minutes. 
The  indifferent  electrode  is  placed  upon  some  odier  part  of  the  body  with 
several  la3rers  of  lint  soaked  in  NaCl  solution  between  it  and  the  skin. 
Salicylic  and  other  organic  acids  can  be  carried  in  by  this  method. 
Strydmine  and  odier  alkaloids  can  also  be  carried  in  from  the  positive 
electrode. 
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Fen-  more  extended  remaps  upon  this  part  of  the  subject  the 
student  is  referred  to  one  or  more  of  the  many  nmmwis  upon  the 
subject 
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Solution. — The  power  of  water  to  dissolve  substances  is  one  of 
the  most  familiar  of  its  properties.  All  liquids  possess  the  same  power 
to  a  greater  or  less  extent;  but  liquids  vary  greatly  in  their  solvent 
power,  which  is  usually  limited  to  a  certain  class  of  bodies.  Thus, 
mercury  wiU  dissolve  a  niunber  of  the  metals,  alcohol  is  the  proper 
solvent  for  the  resins,  ether  for  the  fats  and  some  gums,  and  water 
for  the  ordinary  metallic  salts.  Water  is  by  far  the  most  imiversal 
sohrenty  and  for  this  reason  it  is  commonly  used  as  the  mediimi  of 
chemical  changes.  The  substance  dissolved  in  a  solvent  is  sometimes 
caUed  the  solute. 

The  solvent  power  of  water  varies  greatly  with  difiTerent  solids. 
While  some  bodies  absorb  water  from  the  air  and  become  liquefied, 
or  deliquesce,  others  require  several  hundred  times  their  wei^t  of 
water  to  dissolve  them,  and  some  will  dissolve  only  in  very  minute 
quantity.  As  a  general  rule,  the  solvent  power  of  water  for  solids 
increases  with  the  temperature;  but  there  are  a  few  exceptions  to 
this  rule. 

By  the  solubility  of  a  substance  is  meant  the  amount  of  the  sub- 
stance which  will  be  taken  up  by  a  definite  volume  of  the  solvent. 
The  solubility  of  a  substance  is  absolutely  definite  at  a  given  tempera- 
ture, and  the  amount  which  loo  parts  of  water  will  take  up  has  been 
determined  for  nearly  every  known  substance.    (See  Appendix.) 

A  knowledge  of  the  solubility  of  ordinary  solids  is  very  important  to  the  phy- 
sician as  well  as  to  the  pharmacist  or  chemist  The  law  of  compatibles  is  lai^B^ 
the  law  of  solubilities.  A  table  will  be  found  in  the  Appendix  giving  the  approxi- 
mate solubility  of  those  substances  most  commonly  met  with,  and  to  which  the 
student  should  refer  for  information  concerning  the  solubility  of  substances.  A 
saturated  solution  is  one  formed  when  a  liquid  has  dissolved  all  of  a  solid  that 
it  can  take  up  at  that  temperature;  but  saturation  of  a  liquid  with  one  solid  does 
not  prevent  it  from  dissolving  others,  and  in  some  cases  the  solvent  power  of  the 
liquid  is  thereby  increased.  When  two  or  more  salts  are  dissolved  in  a  liquid 
an  exchange  of  ions  may  take  place,  according  to  the  laws  of  BerthoUet  (p.  93), 
modified  by  the  strength  of  the  affinities  of  the  radicles  present  and  the  relative 
quantity  of  each  present  Hot  water  dissolves  more  of  most  substances  than 
cold.  When  a  hot  saturated  solution  cools,  a  part  of  the  solute  is  deposited  usually 
in  a  crystalline  form.  In  some  cases  the  excess  of  the  substance  is  not  deposited 
on  cooling.  The  solution  can  thus  contain  more  dissolved  substance  than  can 
be  dissolved  at  that  temperature,  and  the  solution  is  said  to  be  a  sopersatuimted 
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aohstioii.  A  grmm-iiiolectilAr  solation  is  one  cootaining  the  moleaiUr  weight 
of  the  solute,  expressed  in  srams,  disiolved  in  a  liter  of  the  solvent 

Liquids  may  also  dissolve  liquids  and  gases.  When  two  liquids  are  sohible 
in  one  another,  they  are  said  to  be  mitcible.  Liquids  can  be  misdbk  in  all  pro- 
portions (water  and  alcohol)  or  they  may  be  only  partly  soluble  in  each  other 
(water  and  ether).  In  most  cases  the  solubility  of  liquids  increases  with  the  tem- 
perature. 

For  reasons  not  necessary  to  state  here,  it  is  believed  that  adds,  bases,  and  salts, 
when  di^olved  in  water  are  split  up  into  ions.  The  dissociation  is  more  or  less 
complete  according  to  the  nature  of  the  solute  (substance  dissolved),  the  tempera- 
ture of  the  solution,  and  its  concentration.  Such  adds  as  hydrochloric  arid  nitric; 
the  hydroxides  of  potassium,  sodium,  and  caldum;  and  the  salts  of  the  alkaline 
metals  are  nearly  completely  dissociated  in  one-tenth  normal  solutions.  Carbonic 
and  silidc  adds  and  mercuric  chloride  are  scarcely  at  all  dissociated. 

Solution  of  Gases. — Most  liquids  dissolve  gases  as  well  as 
solids.  The  quantity  of  gas  which  one  cc  of  any  liquid  will  dissolve, 
when  the  pressure  of  the  gas  upon  it  is  760  mm.,  is  called  its  coeffi- 
cient of  absorption.  As  in  solids,  this  coefficient  must  be  determined 
by  experiment  for  each  gas;  this  generally  decreases  as  the  tempera- 
ture increases,  although  each  gas  obeys  a  rule  of  its  own,  which  can 
be  determined  only  by  experiment.  The  volume  of  gas  absorbed 
by  a  liquid  at  any  given  temperature  is  the  same,  whatever  the  pres- 
sure. The  quanti^  of  gas  dissolved,  therefore,  increases  and  de- 
creases with  the  pressure.  When  a  liquid  b  exposed  to  a  mixture  of 
gases,  it  dissolves  each  in  the  same  proportion  as  if  it  alone  were  pres- 
ent and  exerting  its  own  share  of  the  total  pressure.  Thus,  when  the 
air — a  mixture  of  oxygen  and  nitrogen  in  the  proportion  of  i  to  4, 
respectively — is  exposed  to  a  mass  of  water,  we  find  that  the  gases 
are  absorbed  by  the  water  in  the  proportion  of  i  to  1.87,  respectively. 

nature  of  Solatioii.~The  term  solution,  as  commonly  used,  embraces  two 
entirely  different  processes;  the  one  mechanical  or  physical,  and  the  other  chemi- 
caL  In  phjTsical  solution  the  identity  of  the  solid  is  preserved,  as  well  as  that  of  the 
water;  and  by  evaporation  of  the  water  we  may  obtain  it  again  unchanged.  In 
some  cases  there  seems  to  be  no  manifestation  of  chemical  action  between  me  water 
and  the  solid.  In  other  cases,  which  seem  at  first  sight  to  be  equally  simple,  there  is 
heat  developed  or  heat  absorbed,  which,  with  the  fact  that  certain  solutions  have 
a  constant  boilins  point  when  a  definite  amount  of  solid  or  gas  is  present,  leads  us  to 
suppose  that  in  these  cases  there  is  a  true  but  feeble  chemical  umon  of  the  salt  with 
the  solvent  When  the  solid  separates  again  in  crystals,  it  takes  a  part  or  all  of  the 
water  with  it  as  water  of  cr3rstaliization.  In  dilute  solutions  of  certain  substances 
called  electrolytes,  «'.  «.,  those  substances  which  conduct  electridty  and  are  capa- 
ble of  being  separated  by  this  current  into  their  component  parts  or  ions,  these 
ions  exist  separately  in  the  solution.  That  is,  when  the  metallic  salts,  the  inor^nic 
adds,  or  bases  are  dissolved  in  water  they  dissociate,  and  exist  in  that  condition. 
According  to  this  idea,  in  a  weak  solution  of  common  salt  we  have  free  sodium  and 
free  chlorine  atoms,  and  but  few  NaCl  molecules.  When  the  solution  is  concen- 
trated by  evaporation,  a  recombination  of  the  ions  takes  place  and  the  salt  molecules 
are  reformed.     For  the  experimental  data  upon  which  this  notion  rests  the  student 
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is  referred  to  one  of  the  larger  handbooks  on  chemistry.  A  saturated  solutioil  is 
regarded  as  a  definite  compound  of  the  liquid  and  Uie  substance  dissolved.  The 
metallic  alloys  are  in  some  cases  mere  mixtures,  and  in  others  they  seem  to  \)t  verita- 
ble compounds.  When  a  metal  dissolves  in  a  dilute  acid  there  is,  at  first,  a  chemical 
action  between  the  acid  and  metal,  by  which  a  soluble  compound  is  formed. 
This  then  dissolves  in  the  water  present,  as  above  described.  This  double  pro- 
cess is  sometimes  termed  chemiod  solutioil. 

Diffusion  of  Liquids. — When  one  liquid  mixes  spontaneously 
with  another  the  process  is  called  liquid  diffusion. 

If  upon  the  bottom  of  a  vessel  containing  pure  water  we  pour  some  water 
colored  with  a  little  aniline  red,  bv  delivering  it  through  a  funnel  tube  so  as  to  pre- 
vent the  mingling  of  the  two,  and  then  allow  the  vessel  to  remain  at  rest  for  some 
hours,  the  color  will  be  found  to  have  diffused  itself  throughout  the  water. 

If  instead  of  a  colored  water  we  use  a  strong  solution  of 
common  salt,  having  a  high  specific  gravity,  we  shall  find  by 
appropriate  tests  that  the  salt  has  passed  throughout  the 
entire  liquid.  The  rate  of  diffusion  in  these  cases  increases, 
for  all  substances,  with  the  temperature.  This  is  because 
the  rapidity  of  motion  of  the  molecules  or  ions  increases  with 
the  temperature. 

K,  in  the  experiment  just  mentioned,  we  should 
interpose  a  porous  partition  of  earthenware  or 
parchment  between  the  salt  solution  and  the  pure 
water,  the  result  would  be  the  same — the  salt 
would  pass  through  the  partition  into  the  water. 
This  process  is  called  dialysis.  If,  however,  we 
use  on  one  side  of  the  partition  a  colloidal  sub- 
stance like  gelatin  or  albumin,  we  shall  find  that 
very  little  of  these  pass  through  it  into  the  water. 
CiystalUzable  bodies  pass  through  the  membranes 
with  ease,  while  those  which  do  not  crystallize — 
called  colloids — pass  with  great  difficulty.  This 
property  of  bodies  is  made  use  of  to  separate  the 
one  class  from  the  other.  The  process  of  the  diffu- 
sion of  liquids  through  porous  membranes  is  called 
osmosis.  Certain  porous  walls  have  the  power  of 
allowing  water  molecules  to  pass  through  them,  while 
other  molecules  are  not  allowed  to  pass.  Thus,  if 
a  porous  earthenware  cup,  such  as  that  used  in  the 
Bunsen  or  Grove  cell  (see  Fig.  28),  be  soaked  in  a 
solution  of  copper  sulphate  and  then  in  a  solution 
Fio.  35.  of  potassium  ferrocyanide,  there  is  formed  in  the 

pores  of  the  cup  a  gelatinous  precipitate  of  copper 
ferrocyanide.  This  precipitate  constitutes  a  membrane  which  allows 
water  to  osmose  through  it,  but  is  nearly  impermeable  to  salts.     Such  a 
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membrane  is  said  to  be  a  semipermeable  membrane.  If  a  semi- 
permeable  membrane  be  prepared  as  above  described,  the  cup,  C  (Fig. 
35),  be  closed  with  a  tightly  fitting  rubber  stopper  fitted  with  an  open 
glass  tube,  A  B,  and  filled  with  a  solution  of  sugar  and  placed  in  a 
vessel  of  distilled  water,  D,  we  shall  soon  see  the  water  begin  to  rise 
in  the  glass  tube.  The  height  to  which  it  will  rise  will  depend  upon  the 
concentration  of  the  sugar  solution,  the  volume  of  the  solution,  and  its 
temperature.  When  two  solutions  of  different  concentrations  are 
separated  by  a  semipermeable  membrane  they  tend  to  become  of 
the  same  concentration,  and  water  will  pass  from  the  weaker  to 
the  stronger  solution.  In  the  above  illustration  the  sugar  molecules 
endeavor  to  pass  into  the  water,  but  are  opposed  by  the  impermeable 
membrane,  upon  which  they  exert  a  pressure,  just  as  a  gas  exerts  a  pres- 
sure on  the  waUs  of  its  containing  vessel.  As  the  sugar  can  not  pass,  it 
attracts  the  water  and  pulls  it  through  the  membrane  with  the  same  force. 
This  force  is  easily  measured,  and  is  called  its  osmotic  pressure. 

Osmotic  pressure  may  be  defined  as  the  maximum  pressure  or 
force  whith  a  solution  exerts  on  its  waUs  of  semipermeable  membrane 
when  immersed  in  pure  distilled  water.  This  pressure  is,  like  that 
of  gases,  the  result  of  the  bombardment  of  the  waUs  of  the  containing 
vessel  by  the  molecules  of  the  dissolved  solid.  The  more  molecules 
there  are  in  a  given  volume  of  the  solution,  the  more  blows  will  be 
delivered  in  a  given  time  against  the  membrane.  This  is  equivalent 
to  the  following  law  of  Van't  Hoff:  At  constant  temperature  the 
osmotic  pressure  of  dilute  solutions  is  proportional  to  the  con- 
centration (number  of  molecules  in  a  ^ven  volume)  of  the  dis- 
solved substance.  This  is  analogous  to  Boyle's  law  for  gases:  At 
constant  temperature  the  pressure  (tension)  of  a  gas  is  proportional 
to  its  density  or  concentration. 

By  the  law  of  Gay-Lussac  (p.  ii)  the  pressure  of  a  gas  varies  di- 
rectly with  the  absolute  temperature.  It  is  found,  also,  that  the 
osmotic  pressure  of  dilute  solutions  is  proportional  to  the 
absolute  temperature.  The  law  of  Avogadro,  therefore,  applies  to 
osmotic  pressure  as  well  as  to  gases,  and  may  be  stated  as  follows:  At 
the  same  osmotic  pressure  and  the  same  temperature  equal 
volumes  of  all  dilute  solutions  contain  the  same  number  of 
molecules. 

The  above  laws  of  solutions  may  be  expanded  into  the  following  statement: 
The  osmotic  pressure  of  a  given  weight  of  dissolved  substance  is  equal  to  the  gas 
pressure  that  weight  of  substance  would  exert  if  it  were  converted  into  the  gaseous 
state  and  contained  in  the  same  volume  as  that  occupied  by  the  solution.  The 
osmotic  pressure  of  a  gram-molecular  solution  of  NaCl  (58.5  grams  per  liter)  has 
been  estimated  to  be  about  22  atmospheres.  Pfefifer  found  that  a  one  per  cent,  sugar 
tolution  gave  an  osmotic  pressure  of  535  millimeters  of  mercury.  As  the  molecular 
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weight  of  cane-sugar  is  342,  a  one  per  cent,  solution  contains  10  grams  or  ^%  of  a 
gram  molecule  per  liter.  The  •gram-molecular  solution  would  have  an  osmotic 
pressure  of  182,970  millimeters  of  mercury,  or  22.4  atmospheres.  Two  solutions 
having  the  same  osmotic  pressure  are  said  to  be  isotonic.  If  one  of  two  liquids 
has  a  higher  or  a  lower  osmotic  pressure  than  the  other  it  is  said  to  be  hyperiso- 
tonic  or  hypo-isotonic,  respectively. 

When  two  solutions  of  different  osmotic  pressures  are  separated  by  a  semi- 
permeable membrane,  they  will  become  isotonic,  by  osmosb  of  water  from  the 
hypo-isotonic  to  the  hypeiisotonic  solution.  Osmotic  pressure  is  a  property  of 
solutions  and  must  exist  when  no  membrane  is  present.  It  will  tend  to  prevent  the 
free  movement  of  the  molecules  of  the  solvent,  and  consequently  will  tend  to  prevent 
the  rearrangement  of  the  molecules  of  water  in  freezing,  or  it  will  lower  the  freezing 
point  of  the  solution  in  proportion  to  the  strength  of  the  pressure  or  the  concentra 
tion  of  the  solution.  For  the  same  reason,  it  will  prevent  the  escape  of  the  molecules 
of  the  solvent  in  boiling,  and  will  thus  raise  the  boiling  point  of  the  solution  above 
the  boiling  point  of  the  solvent. 

The  depression  of  the  freezing  point  of  ^  solution,  below  that  of  the  solvent, 
and  the  raising  of  the  boiling  point  of  a  solution  above  that  of  the  solvent,  thus 
become  a  measure  of  the  osmotic  pressure  of  a  solution.  Or,  if  we  know  the  amount 
of  substance  in  solution,  these  may  be  used  to  determine  the  molecular  concentra- 
tion of  the  solution  or  the  molecular  weight  of  the  substance  dissolved  (p.  18). 

It  should  be  stated  here  that  in  the  case  of  electrolytes,  or  substances  which 
dissociate  in  aqueous  solution,  the  free  ions  behave  like  undissociated  molecules. 
This  increases  the  molecular  concentration  of  such  solutions;  consequently  in- 
creases the  osmotic  pressure,  the  depression  of  the  freezing  point,  and  raises  the 
boiling  point.  These  methods  of  determining  molecular  weights  can  not,  therefore, 
be  used  with  such  substances.  They  can  be  used,  however,  to  determine  the 
degree  of  dissociation  that  takes  place  in  such  solutions. 

The  determination  of  the  boiling  point  and  the  freezing  point  of  solutions  is 
much  easier  than  the  direct  determination  of  the  osmotic  pressure;  hence  these 
are  generally  used  to  determine  the  osmotic  pressure  and  the  molecular  concen- 
tration. These  determinations  are  therefore  of  great  importance  in  determining 
the  molecular  weight  of  complicated  compounds.     (See  page  291.) 

The  cell  membranes  inclosing  the  protoplasm  in  many  vegetable  and  animal 
cells  are  semipermeable.  They  are  observed  to  take  up  or  lose  water,  according 
as  they  are  immersed  in  hypo-  or  hyper-isotonic  solutions.  This  principle  is  of 
great  physiological  importance. 

Dialysis  we  have  defined  as  the  diffusion  of  soluble  substances 

through    porous    membranes.    A    dialyzer    is    an 

r"  apparatus  consisting  of  a  shallow  vessel,  provided 
with  a  bottom  of  parchment  or  some  porous  mem- 
brane, in  which  the  solution  to  be  dialyzed  is  placed, 
and  the  vessel  is  then  floated  upon  pure  water  in  a 
larger  vessel.  (See  Fig.  36.)  In  this  case  the  mem- 
brane is  permeable  and  allows  the  molecules  other 
than  water  to  pass  through  it.  The  volume  of  the 
^c.  3^^  water  should  be  eight  or  ten  times  that  of  the  solu- 
tion to  be  dialyzed  and  should  be  frequently  re- 
newed.   In  the  course  of  two  or  three  days  the  aystallizable  bodies  in 
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the  solution  will  be  found  to  have  passed  into  the  water  of  the  outet 
vessel,  and  the  colloid  bodies  will  be  in  the  dialyzer. 

Dialysis  is  employed  to  prepare  a  pure  colloid  material  by  dialyzing* 
from  it  all  crystallizable  salts.  A  complex  mixture,  hke  the  contents 
of  a  stomach,  is  submitted  to  dial3rsis  for  the  purpose  of  separating 
horn  it  the  crystalloids  which  it  may  contain,  so  as  to  get  them  in  a 
pure  watery  solution  for  analysis. 

CRYSTALLOGRAPHY. 

Formation  of  Crystals. — When  substances  change  fipom  the 
melted  to  the  solid  state  or  separate  from  a  solution,  many  of  them 
assume  a  regular  geometrical  form,  called  a  crystal.  The  process  is 
called  crystallization.  The  same  substance  always  assumes  the 
same  crystaUine  form  under  the  same  conditions.  Under  different 
circumstances,  as  high  and  low  temperatures,  the  same  substance 
may  have  two  different  oystalline  forms,  in  which  case  it  is  said  to 
be  dimorphous.  Different  salts  of  the  same  metal  assume  different 
forms,  imless  the  structure  of  the  molecules  is  very  similar.  Thus 
NaQ,  KCl,  NaBr,  KBr,  and  KI  crystallize  alike;  in  cubes,  while 
K2SO4,  KNO„  and  KCl  assume  different  forms.  The  form  of  the 
crystal  is,  therefore,  to  a  certain  extent,  an  index  of  the  molecular 
structiu^e  of  the  body.  There  are  some  substances,  like  gelatin, 
fibrin,  etc.,  which  can  not  be  made  to  assume  the  crystalline  form. 
Such  bodies  are  caUed  colloids,  while  those  which  crystallize  readily 
are  called  crystalloids.  In  order  that  crystak  may  form,  it  is 
necessary  that  the  molecules  shall  be  free  to  move — i.  e.,  cohe- 
sion must  be  overcome  to  such  an  extent  that  it  shall  not  prevent  the 
free  movements  of  the  molecules.  This  condition  prevails  in  solutions, 
in  the  melted  state,  or  in  the  gaseous  state.  When  we  evaporate  off 
the  solvent,  in  the  case  of  solutions,  we  may  obtain  the  crystals  with 
ease.  The  more  slowly  the  evaporation  takes  place,  the  larger  and 
more  perfect  are  the  crystals  obtained.  As  a  rule,  bodies  dissolve 
more  readily  and  in  larger  quantities  in  hot  than  in  cold  water.  A 
hot  saturated  solution  of  any  crystallizable  salt  deposits  the  excess,  on 
cooUng,  in  the  form  of  crystals.  A  liquid  which  is  depositing  crystals 
will  do  so  more  readily  when  foreign  bodies — as  sticks,  strings,  etc. — 
are  suspended  in  it.  Milk-sugar  is  usually  crystallized  in  this  way,  upon 
strips  of  wood.  Advantage  is  taken  of  this  fact  to  prepare  parlor 
ornaments  in  the  shape  of.  grass,  leaves,  etc.,  covered  with  alum  crys- 
tals, which  may  be  colored  with  aniline  colors  by  previously  coloring 
the  solution. 

When  bodies  are  sublimed  they  usually  assume  the  form  of  crystals 
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in  coming  back  to  the  solid  form;  for  example,  iodine  and  sulphur. 
When  we  evaporate  down  a  solution  containing  two  or  more  salts  of 
different  degrees  of  solubility,  the  least  soluble  crystallizes  first,  and 
may  thus  be  separated  from  the  more  easily  soluble  ones. 

This  fact  is  taken  advantage  of  in  preparing  common  salt  from  sea-water  or  salt 
springs.  The  common  salt,  beine  less  soluble  than  the  magnesium  and  potassium 
cnlorides,  bromides,  or  iodides,  with  which  it  is  often  associated,  separates  first,  and 
may  be  skimmed  off,  leaving  the  others  in  the  mother-liquor — the  name  given  to 
the  liquid  from  which  crystals  are  obtained. 

When  a  substance  crystallizes  from  a  solution,  the  crystals,  if  perfect,  are  nearly 
free  from  impurities.  We  therefore  take  advantage  of  this  method  to  purify  sub- 
stances. 

Water  of  Crystallization.— -Most  substances,  when  they  separate 
from  a  solution,  take  with  them  a  certain  definite  amount  of  water 
as  a  necessary  part  of  the  crystal.  This  water  is  known  as  water 
of  crystallization.  The  crystals  of  a  given  substance,  when 
deposited  at  the  same  temperature,  always  contain  the  same  amount 
of  water.  Thus,  the  crystals  of  copper  sulphate  contain  five  molecules 
of  water  for  one  of  the  salt,  and  the  formula  of  the  crystal  is  written 
thus: 

CuSO^.sHjO  or  CuSO^-s  Aq. 

Ferrous  sulphate  crystals  have  the  formula,  FeS04.7H,0. 

Sodium  carbonate     "         "  "        Na,CO^ioH,0. 

Alum  "         "  "        K,AL,(S0J^.24H;0. 

A  few  salts  have  different  amounts  of  water  of  crystallization  when 
separated  at  different  temperatures.  Thus,  crystals  of  manganous 
sulphate  have  the  formula: 

MnS0..7H,0  when  crystallized  below  6**  C.  (42.8**  F.). 

MnSO^.SHjO      "  "         between    7^  and  20<»  C.  (44**  and  68«»  F.). 

MnS0,.4H,0      "  "  "        2o<»  and  30^  C.  (68*>  and  86<»  F.). 

The  crystalline  forms  in  these  three  cases  are  entirely  different, 
showing  that  the  molecules  of  water  are  necessary  to  the  form  of  the 
crystal.  The  water  in  these  cases  is  held  by  a  feeble  force,  and  may 
generally  be  driven  off  by  exposing  the  crystal  to  a  temperature  of 
100®  C.  (212®  F.)  in  a  dry  atmosphere,  when  the  crystals  fall  to  pow- 
der.* In  some  cases  the  crystals  lose  their  water  at  ordinary  tempera- 
tures and  crumble  to  a  powder.  They  are  then  said  to  effloresce* 
On  the  other  hand,  some  dry  substances,  when  exposed  to  the  air, 
absorb  water.  They  are  then  said  to  deliquesce;  such  a  body  is 
said  to  be  deliquescent  or  hygroscopic. 

*  It  frequently  happens  that  one  molecule  of  the  water  of  crystallization  requires 
a  much  higher  temperature  to  expel  it  than  the  rest.  Thus,  in  CuSO^-sHjO,  four 
molecules  are  driven  off  at  100°  C,  while  the  fifth  requires  a  temperature  of  200®  C. 
To  distinguish  the  water  that  is  more  firmly  held,  it  is  called  water  of  canstUiUUm, 
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Silver  nitrate  (AgNO,)  and  a  few  other  salts  crystallize  without 
water  of  crystallization. 

Forms  of  Crystals. — A  great  variety  of  crystalline  forms  are 
met  with,  but  for  convenience  of  study  all  may  be  classed  in  six  sys- 
tems. These  sj^tems  are  based  upon  the  number,  length,  and  inclina- 
tion of  certain  imaginary  lines,  called  axes,  passing  through  the  center 
of  the  crystak  and  connecting  opposite  parallel  sides  or  opposite  angles. 
(See  Fig.  37.) 

The  following  figures  represent  a  few  of  the  most  common  and 
simpler  forms  of  crystals  met  with,  and  the  most  of  those  spoken  of 
in  the  following  pages: 


Fte.  37. 


Flo.  jSd^RBOVLAB    OCTABXDBON. 


Fte.  39.— Cubs. 


T^ 

' 

/ 

Fio.  4o.~Pkisk. 


Fio.  4x-'~Obuqub  RhoiIbic 
Pkism. 


Flo.  49.— Rhomboxdai 
Pkism. 


Fig.  43. — ^Hexagonal  Pkism. 
MocKficd  by  pyramid. 


Flo.  44<— Rhombohbdkom. 


PART  II. 


THEORETICAL  CHEMISTRY. 

Molecules. — A  molecule  has  been  defined  as  a  collection  of 
atoms  held  together  by  chemism  or  affinity  in  such  a  way  as  to  neu- 
tralize their  electrical  polarity  and  to  a  great  extent  their  tendency 
to  combine  with  outside  atoms. 

When  the  atoms  comprising  a  molecule  are  of  the  same  kind,  the 
molecule  is  said  to  be  elemental  or  simple ;  when  of  different  kinds, 
it  is  called  a  compotmd  molecule. 

When,  by  chemical  means,  we  cause  a  rearrangement  of  the  atoms 
of  compound  molecules,  we  may  obtain  two  or  more  kinds  of  n^ole- 
cules;  but  with  elemental  molecules  we  only  obtain  one  kind.  We 
may  illustrate  this  by  the  following  formulae: 

If  in  the  molecules  represented  by  HOH  and  HOH  we  cause  the 
rearrangement  by  a  strong  electric  current,  we  shall  have  HH,  HH, 
and  00,  or  two  kinds  of  molecules  entirely  different  from  the  original 
molecules  and  from  each  othei*. 

If,  on  the  other  hand,  a  current  of  electricity  be  passed  throu^ 
either  HH  -h  HH  or  00  +  OO,  we  will  only  obtam  HH  and  HH 
or  OO  and  OO.  By  this  and  other  methods  known  to  chemists 
about  eighty  elemental  molecules  or  different  kinds  of  atoms  have 
been  discovered.  By  a  chemical  element,  then,  we  jnean  a  sub- 
stance that  has  never  been  found  to  contain  more  than  one  kind  of 
matter;  and  a  compound  body  is  one  that  has  been  shown  to  contain 
more  than  one  kind  of  matter  or  atoms.  These  eighty  different  mole- 
cules or  atoms  have  each  received  a  separate  name.  The  name  of  the 
molecule  and  that  of  the  corresponding  element  is  the  same.  These 
names  are  given  in  the  first  column  of  the  following  table: 
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THE  CHEMICAL  ELEMENTS. 


Name. 


1  Aluminum,  .... 

2  Antimony, 

(Stibium) 

3  Argon, 

4  Arsenic, 

5  Barium, 

6  Bismuth, 

7  Boron.......... 

8  Bromine, 

9  Cadmium, 

10  Caesium, 

11  Calcium, 

12  Carbon, 

13  Cerium, 

14  Chlorine, 

15  Chromium, 

16  Cobalt, 

17  Columbium,.... 

(Niobium) 

18  Copper, 

19  Dysprosium,... 

30  Erbium, 

21  Fluorine, 

32  Gadolinium,... 

23  Gallium, 

24  Germanium,... 

35  Glucinum, 

(Bcrylliixm) 

36  Gold(Aurum),. 

37  Helium, 

38  Hydrogen        (or 

Hydrogenium) 

39  Indium, 

30  Iodine, 

31  Iridium, 

32  Iron  (Femim),. . 

33  Krypton, 

34  Lanthanum, 


Al 
Sb 

A 

As 

Ba 
Bi 
B 

Br 

Cd 

Cs 
Ca 


Ce 
CI 
Cr 
Co 
Cb 

Cu* 
Dy 
Er 
F 

Gd 
Ga 
Ge 
Gl 

Au 
He 
H 

In 


Ir 
Fe 
Kr 
La 


Equivalincb. 


IV,  (Al),  vi 

m,  F 


ra,  V 

n 

m,  V 

m 

I,  ///,  V,  VII 

u 

I 
n 

n,  IV 

n,  /V,  (Ce,)  VI 

I,  ///,   V,    VII 

II,  IV,  (Cr,)    VI 

n,  IV,  (Co),  VI 

V 
n,(Cu),n 
n,  (Er,)  VI 

I 

ra,  (Ga,)  VI 

n,iv 
n 

i,m 


n,  (In,)  VI 

i,m,v,.vii 

II,  IV,  VI 
n,  IV,  (Fe,)    VI 

III 


SnciFic 
Gkavity. 


19.9 


f  mM?, 

I    G.a.3 
6.63 

8.9 
8.9 

19.0 

6.0 
5-5 

193 
D  -  2.18 

D  -  I 

7-4 
f   D- 125.9 

I  4.9 
21. 1 

7.8 
D  -40.88 

6.1 


Atomic  Wkiort.I 
0-16. 


37.1 

I30.3 

39-9 
75-0 
(L  -  I3.44)t 
13737 
3o8.o 
11.0 
/  79-9a 

\  (L  -  7.17) 

1 13.4 

132.81 
40.09 


140.35 
35.46 
52.1 
5897 
93-5 

6357 
163.5 
167.4 

19.0 

157.3 
69.9 

72.5 
9.1 

197.3 
T.O 
/  1.008 

\  (L  -  x>8Qogm.) 

1 14.8 
r    (L- 10.38 
\       136.93 
I93-I 
55^5 
81.8 

1390 


*D  ->  Density  of  gas  or  vapor.  t  L  ->  Wdght  of  one  liter  of  vapor  or  gas. 

t  Sec  **  Jour.  Amer.  Chem.  Soc.,"  January,  1909,  p.  5. 
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THE  CHEMICAL  ELEMESTS.—{CofUinMed.) 


Name. 


Eqctitaixnce. 


SPKCxnc 
GtAVirr. 


Atomic  Weight. 
O  -  16. 


35  Lead, 

(Plumbum) 

36  Lithium, 

37  Leutedum,.... 

38  Magnesium,... 

39  Manganese,... 

40  Mercury  (Hy- 

drargyrum), 

41  Molybdenum,. 

42  Neodymium,.. 

43  Neon, 

44  Nickel, 

45  Nitrogen, 

46  Osmium, 

47  Oxygen, 

48  Palladium,.... 


(Ka- 


49  Phosphorus,. 

50  Platinum, 

51  Potassium 

lium), 

52  Praseodymium,  . 

53  Radium, 

54  Rhodium, 

55  Rubidium, 

56  Ruthenium, 

57  Sanmrium, 

58  Scandium, 

59  Selenium, 

60  Silicon, 

61  Silver       (Argen- 

tum), 

62  Sodium  •     (Na- 

trium), 

63  Strontium, 

64  Sulphur, 

65  Tantalum, 

66  Tellurium, 

67  Terbium, 

68  Thallium, 

69  Thorium, 


Pb 

Li 
Lu 
Mg 

Mn 

Hg 

Mo 

Nd 

Ne 

Ni 

N 

Os 

O 

Pd 


Pt 

K 

Pr 
Ra 
Rh 
Rb 
Ru 
Sm 
Sc 
Se 
Si 

Ag 

Na 
Sr 


Ta 
Te 
Tb 
Tl 
Th 


n,iv 


n 

n,  IV,  (Mn^  VI 
(Hfo)n,n 
//, /F,  VI 

n 

n,  IV,  (Ni,)  VI 

/,  in,  V 
n,  IV,  VI,  VIII 

n 

//,  IV 

m,v 

//,iv 

I 

n 
u 

//,  IV 

I 

//,  IV,  VI,  vra 

m,  V 

ra,(Sc,)vi 

n,  IV,  VI 

II,  IV 

I 
I 

U,IV 

n,iv,vi 

n,  V  ■ 
n,  IV,  VI 
in 
I,  III 

IV 


"•3 


207.1 


0.6 

7.0 
174^ 

i-7 

24.32 

8.0 

54.93 

13.6 

{ 

200.0 

(D-ioo) 

(L-8.99) 

•8.6 

96.0 

144.3 

9-97 

20. 

8.8 

58.68 

14.0    • 

14.01 

21.4 

190.9 

16.0 

{ 

16.00 
(L- 1.439) 

II. 16 

106.7 

2.2 

1.83 

D-62 

21.5 
0.86 
D-39.I 


1 1.0 

1 1.4 


4.8 

2.6 

IO-5 
0.97 
D-23 

2.54 

2.0 

D-32 

10.78 

6.6 

1V.8 
7-9 


31-0 

I95-0 
3910 

(L-3.5) 
140.6 
226.4 
102.9 

85-45 
101.7 

150.4 
44.1 
79.2 
28.3 

107.88 

23.00 

L-2.06) 

87.62 

32.07 

(L-2.86) 

181.0 

127.5 
159-2 
204.0 
232^.42 


Note. — A  number  of  elements  have  been  announced  within  the  post  few  yean  whose  names  do 
not  appear  in  this  table.  Some  of  them  have  already  been  found  to  De  compounds,  and  others  will 
probably  be  found  to  be  such  when  further  studied.  Pokmium  and  actinium  have  not  been  tnM- 
dently  studied  to  merit  places  in  this  Ublc. 
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Name. 


Equivalence. 


SRcmc 
Geavttt. 


Atomic  Wbk»t. 
0-16. 


70  Thulium, 

71  Tin  (Stanniun),  . 

72  Titanium, 

73  Tungsten    (Wol 

frun), 

74  Uranium, 

75  Vanadium, 

76  Xenon, 

77  Ytterbium, 

78  Yttrium, 

79  Zinc, 

80  Zirconium, 


Tm 
Sn 
Ti 

W 
U 
V 

Xe 

Yb 
Yt 

Zn 

Zr 


77,  IV 
77,  IV 

II,  IV,  VI 

II,  IV,  (Ur,)  VI 

in,  V  (V,)  VI 

in 
III 

II 

77,  IV 


7-3 


17.6 
18.4 

64' 

"4.8 
7-0 

4.1 


168.5 

1 19.0 

48.1 

284.0 
238.5 

128.0 

172.0 

89.0 

^5-37 
90US 


PROPERTIES  OF  MOLECULES. 

Molecular  Weights. — Molecules,  whether  elemental  or  com- 
pound, must  have  a  definite  size  and  weight.  The  absolute  wd^t  of 
molecules  and  atoms  is  of  no 'practical  vsAue  to  the  chemist,  but  the 
comparative  weights  of  molecules  we  shall  find  to  be  of  vast  impor- 
tance. The  physical  properties  of  bodies — as  color,  hardness,  ductility, 
etc. — are  determined  by  the  properties  of  the  molecules  composing 
them.  In  weighing  molecules  we  use  the  lightest  known  atom  as  the 
unit  of  wdght  This  atom  is  that  of  hydrogen.  The  relative  weights 
of  molecules  have  all  been  measured,  and  in  expressing  these  weights 
our  numbers  express  how  many  times  heavier  the  molecule  is  than 
the  hydrogen  atom.  Thus,  the  molecular  weight  of  oxygen  is  32*; 
that  is,  the  molecule  of  oxygen  weighs  as  mudi  as  32  atoms  of  hy- 


lolecular  weight,  then,  is  the  weight  of  a  molecule  as  com- 
pared with  the  weight  of  the  hydrogen  atom  taken  as  i. 

Avogadro's  or  Ampere's  Law.— This  law  was  first  enunciated 
by  Avogadro,  an  Italian  physicist,  in  181 1,  and  was  reproduced  by 
Amp^,  a  French  physicist,  in  1814.  The  law  has  already  been 
stated  (see  p.  12),  as  follows:  Equal  Tolumes  of  all  true  gases, 
when  at  the  same  temperature  and  under  the  same  pressure. 


*  The  exact  molecular  weight  of  oxygen  is  31.76,  or  twice  the  atomic  weight 
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contain  the  same  number  of  molecules.  That  is  to  say,  a  liter 
of  any  given  gas,  under  the  same  conditions  of  temperature  and 
pressure,  always  contains  the  same  number  of  molecules,  whatever 
the  nature  or  composition  of  the  molecules  composing  the  gas.  As 
a  natiu^l  conclusion  from  this  law,  we  have  the  following:  First. 
Gaseous  molecules  at  the  same  temperature  and  pressure  always 
occupy  the  same  space — L  e.,  the  molecule,  together  with  the  inter- 
vening space,  always  occupies  the  same  volume.  Second.  Since  the 
same  volume  contains  the  same  number  of  molecules,  it  follows  that 
the  weights  of  equal  volumes  of  any  two  gases  (under  like  con- 
ditions as  above)  are  the  weights  of  the  same  number  of  molecules. 
Hence,  the  two  weights  will  stand  in  the  same  proportion  to 
each  other  as  the  weights  of  their  respective  molecules. 

Thus,  suppose  equal  volumes  of  hydrogen  and  oxygen  gases,  large  enough  to 
contain  10,000  molecules  each;  the  weights  of  these  gases  will  be  in  the  one  case 
10,000  times  the  weight  of  one  molecule  of  hydrogen,  and  in  the  other  10,000  times 
the  weight  of  one  molecule  of  oxygen,  and  these  numbers  must  be  to  each  otlier  as 
the  weight  of  one  molecule  of  hydrogen  to  one  molecule  of  oxygen.  This  law*  is  the 
basis  of  many  of  our  modern  chemical  notions.  It  is  to  chemistry  what  Newton's 
law  of  gravitation  was  to  the  science  of  astronomy.  This  is  not  the  place  to  enter 
into  the  discussion  of  the  proofs  of  this  law.  Suffice  it  to  say  that  it  rests  on  about 
as  strong  proof  as  any  other  law  of  physics  or  chemistry,  or  as  the  law  of  gravitation 
itself.  Tne  law  of  Avogadro  has  bc«n  found  to  apply  to  dilute  solutions  as  well 
as  to  gases,  and  may  be  stated  as  follows:  Equal  volumes  of  solutions,  having  the 
same  temperature  and  the  same  osmotic  pressure,  contain  the  same  number  of 
molecules.  The  law  may  enable  us  to  determine  molecular  weights  of  dissolved 
substances  by  the  simMltaneous  determination  of  the  volume,  temperature,  and 
osmotic  pressure  of  the  solution  (compare  p.  65). 

Number    of    Atoms    in    Elemental     Molecules.— We    may 

determine  the  number  of  atoms  in  many  elemental  molecules  by  the 
appHcation  of  Avogadro's  law  to  well-known  exp)eriments. 

This  demonstration  may  be  illustrated  by  reference  to  the  behavior  of  the  two 
gases,  chlorine  and  hydrogen. 

Into  a  test-tube  inverted  over  mercury,  put  equal  volumes  of  the  two  gases,  and 
allow  the  apparatus  to  stand  in  diffused  light.  After  some  hours  the  greenish  color 
of  the  mixture  will  have  entirely  disappeared,  the  gases  having  combined  to  form 
the  colorless  hydrochloric  acid.  The  mercury  stands  at  the  same  height  in  the  tube 
as  at  the  beginning  of  the  experiment.  The  volume  of  the  hydrochloric  acid  is 
therefore  just  equal  to  the  combined  volume  of  both  constituents.     (See  p.  11  a.) 

Let  the  following  diagram  represent  this  combination: 


1000 


1000 


2000 


PROPERTIES  OF  MOLECULES. 


75 


Since  the  voliune  of  the  hydrogen  and  that  of  the  chlorine  are  equal,  it  is  clear, 
from  the  law  of  Avogadro,  that  the  number  of  molecules  of  each  must  be  the  same; 
also,  that  the  number  of  molecules  of  the  hydrochloric  acid  gas  must  be  equal  to  the 
sum  of  the  molecules  of  the  two  gases  used.  Suppose,  for  illustration,  that  the  vol- 
ume of  hydrogen  taken  contained  looo  molecules;  then  there  were  looo  molecules 
of  chlorine  and  2000  molecules  of  hydrochloric  add,  the  volume  of  this  gas  being 
twice  that  of  hydrogen.  Each  of  the  2000  molecules  of  h3rdrochloric  acid  must  con- 
tain at  least  an  atom  of  hydroeen  and  one  of  chlorine;  hence,  2000  atoms  of  each  of 
these  elements  have  been  denved  from  1000  molecules  of  the  same,  and  therefore 
each  molecule  must  have  furnished  at  least  two  atoms. 

Experiments  quite  as  decisive  have  been  made  to  show  that  in 
water  two  volumes  of  hydrogen  and  one  volume  of  oxygen  produce 
only  two  volumes  of  water-vapor — i,  e.,  three  molecules  have  been 
condensed  into  two  molecules  of  watery  vapor.     (See  p.  124.)    Thus: 
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Suppose  the  volume  of  oxygen  taken  contained  1000  molecules.  If  this  volume 
combined  with  twice  its  volume  of  hydrogen,  then  1000  molecules  of  oxygen  com- 
bined with  2000  molecules  of  hydr(»en.  The  volume  of  steam  product,  being 
the  same  as  that  of  the  hydrogen  used,  contained  the  same  number  of  molecules,  or 
3000  molecules.  By  the  above  experiment  it  was  shown  that  each  of  the  2000 
molecules  at  h3rdrogen  contained  two  atoms,  and  hence  there  entered  into  this 
reaction  4000  atoms.  Each  of  the  2000  molecules  of  steam  must,  therefore,  have 
received  two  atoms  of  hydrogen. 

As  1000  molecules  of  oxygen  have  entered  into  the  formation  of  2000  molecules 
of  water,  each  molecule  of  oxygen  must  have  furnished  at  least  two  atoms.  Each 
molecule  of  water  must,  therefore,  contain  two  atoms  of  hydrogen  to  one  of  oxygen, 
instead  of  anCt  as  was  formerly  taught. 

Atomicity  of  Elemental  Molecules. — Most  of  the  molecules  of 
elemental  substances  are  diatomic — i.  e,,  contain  two  atoms.  Argon, 
helium,  neon,  krypton,  xenon,  mercury,  cadmium,  zinc,  and  barium, 
however,  contain  but  one  atom  in  each  molecule.  Oxygen,  as  ozone, 
contains  three  atoms.  Phosphorus  and  arsenic  contain  four  atoms,  but 
at  a  white  heat  these  break  up  into  simpler  molecules.  Sulphur  at 
lower  temperatures  seems  to  contain  six,  while  at  higher  temperatures  it 
contains  only  two. 

Some  molecules  which  at  ordinary  temperatures  contain  two  atoms  break  up,  or 
dissociate,  as  it  is  termed,  at  very  high  temperatures.  Thus  chlorine,  bromine,  and 
iodine,  which  at  a  moderate  heat  are  diatomic,  at  a  very  high  temperature  (800°  C.) 
begin  to  dissociate,  and  become  monatomic  at  the  strongest  furnace  heat.  Many 
compounds  do  the  same  thing  (Hg,Cl^  N,0^  N,0).  The  law  of  Ampfere,  there* 
lore,  is  true  only  at  moderate  temperatures. 
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Molecular  Weight,  Determined  by  the  Law  of  Avogadro. — 

It  has  just  been  shown  that  the  molecule  of  hydrogen  is  composed 
of  two  atoms.  We  have  already  defined  molecular  weight  as  the 
weight  of  a  molecule  in  units  of  hydrogen  atoms.  It  may  also  be 
defiined  as  the  sum  of  the  weights  of  its  constituent  atoms.  The  mo- 
lecular weight  of  hydrogen  is  therefore  i  -h  i,  or  2.  Suppose,  for  ex- 
ample, we  weigh  equal  volumes  of  hydrogen  and  oxygen  gases  under 
Uke  conditions  of  temperature  and  pressure,  and  find  the  weights  to 
be  respectively  i  and  16  gm.  It  follows  that  the  molecules  of  these 
gases  are  to  each  as  i  to  16,  for,  according  to  the  law,  each 
contains  the  same  number  of  molecides.  As  the  molecular  weight 
of  hydrogen  has  been  shown  to  be  2,  it  follows  that  the  molecular 
weight  of  oxygen  must  be  32,  for  32  bears  the  same  ratio  to  2  that  16 
does  to  I.  I  :  16  :  :  2  :  32.  From  this  it  will  be  seen  that  the 
molecular  weight  of  oxygen  is  twice  its  density — i,  e.,  its  specific  gravity 
as  compared  with  hydrogen.  The  same  reasoning  applies  to  all  other 
gases,  whether  elemental  or  compound,  and  we  may  state  this  fact 
as  follows:  The  molecular  weight  of  any  body  is  twice  its 
density  in  the  gaseous  state.  The  converse  of  this  statement 
is  also  true— viz.,  the  density  of  a  gas  is  one-half  its  molec- 
ular weight.  We  can,  therefore,  easily  calculate  the  density  of 
any  gas  of  which  we  know  the  chemical  formula.  From  the  formula 
we  can  determine  its  molecular  weight,  which  is  twice  its  density. 
For  other  methods  of  determining  molecular  weights,  see  part  iv^  page 
289. 

PROPERTIES  OF  ATOMS. 

Definition. — ^An  atom  is  the  smallest  particle  into  which  any  given 
kind  of  matter  can  be  divided  by  chemical  means.  It  is  one  of  the 
component  parts  of  a  molecule. 

The  student  should  strive  to  clearly  comprehend  the  difference  between  a 
molecule  and  an  atom.  The  former  is  a  collection  of  the  latter  held  together  by  an 
attraction,  called  chemism  or  chemical  affinity.  Molecules  are  destructible;  they 
may  be  broken  up  and  their  properties  destroyed.  The  atom,  on  the  other  hand, 
is  a  particle  whose  properties,  so  far  as  we  know,  are  never  destroyed. 

Atomic  Weight.— Atoms  differ  from  one  another  in  their 
weighty  and  in  the  quality  and  quantity  of  their  combining 
power.  Further  than  this  we  have  no  certain  knowledge  of  their 
properties. 

The  weight  of  an  atom  of  any  given  element  is  always  the  same. 
In  weighing  atoms  we  do  not  take  the  absolute  weight,  but  the  relative 
weight,  using  the  hydrogen  atom  as  the  unit    The  atomic  weight 
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of  any  element  expresses  the  number  of  times  its  atom  is  heavier  than 
the  atom  of  hydrogen.  The  atomic  weight  of  oxygen  is  15.88 — i.  e., 
the  atom  weighs  15.88  (approximately  16)  times  as  much  as  the  atom 
of  hydrogen.  The  atomic  weights  of  the  elements  will  be  found  in 
the  table  on  pages  71  and  72.*  The  atomic  weights  based  upon  O  »  16 
are  those  most  commonly  used. 

While  the  H  atom  is  the  unit  of  weight  for  the  other  atoms,  in  reality  the 
atomic  weights  of  many  of  the  elements  have  been  determined  by  the  analysis  of 
the  oxygen  compounds,  and  therefore  their  weight  as  compared  to  oxygen.  For  a 
long  time  the  w^ght  of  H  to  O  was  believed  to  be  i  :  16.  But  as  it  was  found  that 
this  ratio  was  x  :  15.88,  it  was  found  more  convenient  to  retain  the  atomic  weights 
as  compared  to  O  »  16.  We  shall  adopt,  therefore,  the  numbers  found  in  the 
fifth  column  in  the  table.  For  most  purposes  the  nearest  whole  number  may  be 
used. 

Quality  of  Combining  Power.— Polarity  of  the  Atoms.—  * 

We  have  seen  (p.  59)  that  when  a  current  of  electricity  is  sent 
through  a  solution  of  a  metallic  salt,  the  metallic  ions  collect 
about  the  negative  electrode,  while  the  non-metallic  ions  appear  at 
the  positive. 

Most  metallic  compounds  are  capable  of  electrol3rtic  dissociation 
on  solution  in  water,  or  of  cleaving  into  two  parts,  one  of  which  is 
attracted  to  the  positive  and  the  other  to  the  negative  electrode  of  a 
galvanic  battery.  We  have  seen  (p.  40)  that  two  bodies  charged 
with  the  same  kind  of  electricity  repel  each  other,  while  bodies  oppo- 
sitely charged  attract  each  other.  Those  atoms  which  are  at- 
tracted by  the  negatire  electrode  of  the  galyanic  battery  are 
therefore  charged  with  positire  electricity,  while  the  others 
are  negatively  charged.  This  is  what  is  meant  by  difference 
in  quality  of  combining  power.  Positive  and  negative,  as  applied 
to  the  polarity  of  atoms,  are  not  absolute,  but  relative  terms;  and 
the  polarity  of  an  atom  may  be  changed,  by  the  inducing  action  of 
another  atom,  from  positive  to  negative  and  vice  versa.  As  the  posi- 
tive ions  appear  at  the  negative  electrode,  or  cathode,  they  are  some- 
times calleid  the  cathionSy  and  the  negative  ions,  which  appear  at 
the  anode,  are  termed  anions.  As  a  general  rule,  the  metallic  atoms 
are  positive  and  the  non-metallic  negative. 

When  several  atoms  are  brought  into  contact  with  one  another,  those  having  a 
similar  polarity  repel  one  another,  as  do  other  bodies  that  are  of  like  polarity,  wUle 
those  having  a  different  polarity  attract  one  another;  hence,  union  or  combination 
can  only  take  place  between  atoms  that  are  unlike  in  their  electrical  polarity,  or  one 
of  the  ions  must  discharge  a  part  of  its  electricity  before  they  can  combine. 

*  For  a  description  of  the  methods  of  determining  atomic  weights,  the  student 
18  referred  to  one  of  the  larger  hand-books. 
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In  the  following  table  the  elements  are  so  placed  that  each  one  is 
electronegative  to  those  below  and  electropositive  to.  those  above  it 
In  this  table,  silicon  and  those  whidi  follow  it  are  positive  to 
titanium,  and  iron  and  those  which  follow  it  are  positive  to  nickel 
and  all  those  above  it 


Electrocheuical  Series. 


Negative  End  — . 

Negative  End  — 

Ozyffcn. 
Sulphur. 

Silicon. 

Iron. 

Hydrogen. 

Zinc. 

Nitrogen. 
Fluormc. 

Gold. 
Osmium. 

Manganese. 
Lanthanum. 

Chlorine. 

Iridium. 

Didjrmium. 

Bromine. 

Platinum. 

Cerium. 

Iodine. 

Rhodimn. 

Thorium. 

Selenium. 

Ruthenium. 

Zirconium. 

Phosphorus. 

Palladium. 

Aluminum. 

Arsenic. 

Mercury. 

Erbium. 

Chromium. 

Silver. 

Yttrium. 

Vanadium. 

Copper. 

Glucinum. 

Molybdenum. 

Uranium. 

Magnesium. 

Tungsten. 

Bismuth. 

Calcium. 

Boron. 

Tin. 

Strontium. 

Carbon. 

Indiimi. 

Barium. 

Antimony. 

Lead. 

Lithium. 

Tellurium. 

Cadmium 

Sodium. 

Tantalum. 

Thallium 

Potassium. 

Columbium. 

Cobalt. 

Rubidium. 

Titanium. 

Nickel. 

Cssium. 

Positive  End  +. 

Positive  End  +. 

Positive  End  +. 

Quantity  of  Combining  Power. — By  an  analysis  of  a  large 
number  of  compounds  of  hydrogen  with  other  elements,  it  has  been 
found  that  the  atoms  CI,  O,  N,  and  C  combine  with  different  amounts 
ofH. 

35.5  parts*by  weight  of  Chlorine  combine  with  i  part  of  H. 
16         "     "       "      "Oxygen         "  "     a  parts  of  H. 

14        "    "       "      "  Nitrogen       "         "     3    "     "  H. 
12        "     "       "       "  Carbon         "  "     4     "     "  H. 

This  shows  that  the  power  of  the  atoms  to  attract  and  combine  with 
hydrogen  is  not  alike  in,  all  cases.  This  is  expressed  by  saying  that 
the  valence^  or  quantivalence,  of  the  atom  in  question  is  i,  2,  3, 
4»  S»  6i  or  7,  according  as  it  will  attach  to  itself,  be  exchanged  for, 
or  take  the  place  in  a  molecule  of  i,  2,  3,  4,  5,  6,  or  7  atoms  of  hy- 
drogen or  their  equivalents. 

The  chemical  equiralent  of  an  atom  is  an  atom  or  any  number 
of  atoms  which  can  take  its  place  in  a  molecule.    Atoms  are  divided 
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into  monads,  dyads,  triads,  tetrads,  pentads,  hezads,  or  heptads, 

according  as  they  can  fix  i,  2,  3,  4,  5,  6,  or  7  atoms  of  hydrogen  or 
their  equivalents.  Univalent,  bivalent,  trivalent,  etc.,  are  adjectives 
sometimes  used  to  express  the  valence  of  an  atom. 

A  monad  is  the  chemical  equivalent  of  a  monad. 

"dyad     "    "         "  "         "  2  monads. 

"  triad     "    "         "  "         "  3  monads,  or  i  monad  and  i  dyad. 

"  tetrad  **    "        "  "         "  4  monads,  2  dyads,  or  i  monad  and  i 

triad. 
"  pentad  "    "        "  **         "  5  monads,  a  tetrad  and  i  monad,  a  triad 

and  2  monads,  or  2  dyads  and. 

X  monad. 

The  valence  of    an    atom  is  often  indicated    to    the    eye    by 
dashes,  thus: 

Monad      O—      Dyad      — O—      Triad      — O— 

i  M^  V  M^ 

Tetrad  — O—     Pentad        O  Hcxad     — O—    HepUd  — O— 

I  /\  /\  /\ 

It  will  be  seen  that  the  hydrogen  atom  is  the  unit  of  comparison  for 
combining  powers,  or  valences,  and  the  dashes  represent  the  number 
of  bonds  or  points  of  attraction,  of  the  number  of  electrical 
charges  carried  by  the  atom  in  question.  The  valence  of  an  atom 
may  also  be  expressed  by  a  Roman  numeral  placed  above  and  to  the 
right,  thus:  H',  O",  N",  C*^  etc. 
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Symbols  and  Formulae.— A  symbol  is  the  sign  of  an 
atom.  In  representing  atoms  and  molecules  to  the  eye,  we  make 
use  of  a  series  of  symbols  derived  from  the  names  of  the  elements 
themselves.  This  is  usually  the  initial  letter  of  the  English  or  Latin 
name,  or,  in  case  two  or  more  names  begin  with  the  same  letter,  the 
initial  with  some  other  characteristic  letter.  Thus,  on  reference  to 
the  table  on  page  71,  we  see  B,  Ba,  Bi,  Br,  representing  the  atoms 
of  boron,  barium,  bismuth,  and  bromine  respectively.  A  symbol 
should  not  be  used  to  represent  the  element  in  general,  but  a  symbol 
always  represents  an  atom,  with  all  its  properties,  and  nothing  else. 

Formnbe.— A  formula  is  the  sign  of  a  molecule.  It  there- 
fore represents  a  definite  weight — the  molecular  weight;  and,  in  the 
case  of  gases,  always  the  same  volume.  Formulae'  are  made  up  of 
symbols,  as  a  molecule  is  made  up  of  atoms;  and  the  atoms  com- 
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posing  a  molecule  are  all  represented  by  symbols  in  the  formula.  Thus, 
HCl  is  a  fonnula  representing  a  molecule  containing  one  atom  or 
one  part,  by  weight,  of  hydrogen,  and  one  atom  or  35.5  parts,  by  weight, 
of  dilorine. 

.  In  writing  formulae,  we  write  the  symbols  composing  the  molecule 
in  juxtaposition,  beginning  with  the  more  electropositive.  Thus: 
KOCl,  HBr,  etc. 

Multiplication  of  Molecules  and  Atoms.—When  we  wish 
to  represent  more  than  one  atom,  we  use  a  small  numeral  at  the 
lower  right-hand  comer  of  the  symbol;  thus,  O,  represents  two  atoms 
'  of  oxygen,  or,  since  the  molecule  of  oxygen  contains  two  atoms,  this 
also  represents  the  molecule.  As^  represents  four  atoms  of  arsenic, 
or,  since  the  molecule  of  arsenic  contains  four  atoms,  it  is  also 
the  formula  of  a  molecule  of  arsenic. 

When  we  wish  to  represent  more  than  one  molecule  of  a  substance, 
we  use  full-sized  numerals,  placed  before  the  formula.  Thus,  2H,0 
represents  two  molecules,  each  of  which  is  composed  of  two  atoms 
of  hydrogen  and  one  of  oxygen.  Or,  we  may  inclose  the  formula  in 
a  parenthesis  and  place  a  small  numeral  at  the  right-hand  lower  comer, 
thus:  (H,0),. 

Examples:  HjSO^  represents  i  <nolecuIe,  containing  2  atoms  of  hydrogen,  i  of 
sulphur,  and  4  of  oxygen. 

5H1SO4  represents  5  molecules  of  the  same  substance. 

3NH4NO,  represents  3  molecules,  containing  in  each  molecule  a  atoms  of  nitrogen, 
4  atoms  of  hydrogen,  and  3  atoms  of  oxygen;  27  atoms  in  all. 

2K1a12(S04)4  represents  2  molecules,  containing  in  each  molecule  2  atoms  of  potas- 
sium, 2  atoms  of  aluminum,  4  atoms  of  sulphur,  and  16  atoms  of  oxygen;  48 
atoms  in  all. 

As  the  symbols  always  represent  the  atomic  weights,  we  may  re- 
duce any  formula  to  numbers,  or  find  its  molecular  weight,  by  adding 
together  the  weights  represented  by  the  symbols  composing  it.  Let 
it  be  desired  to  find  the  molecular  weight  of  HjSO^.  By  reference 
to  the  table  on  page  71,  it  will  be  seen  that  H,  =»  2,  S  =  32, 
and  O4  «=  4  X  16  =  64.  By  adding  together  these  three  numbers 
we  obtain  98,  the  weight  of  the  molecule. 

An  empirical  formula  is  one  which  merely  gives  the  kind  and 
number  of  the  atoms  composing  a  molecule.  A  rational|  struc- 
tural|  or  graphic  formula  aims  to  show  the  arrangement  of  the 
atoms  in  the  molecule,  with  relation  to  the  saturation  of  the  electrical 
polarities  of  the  atoms. 

Examples  of  empirical  formuls: 
HNO„       HjSO^,       CuSO^,       Na,CO„      HiPO^,      CH4,      C,H,OH,      CO, 
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Rational  formube  for  the  same: 

O 

-o-N=8     i=8>S^     CuZgZ^     N.^-o-N. 


H-i_„       I 


Rational  formuls  are  useful  in  giving  us  a  mote  definite  conception  of  the  rela- 
tion of  the  atoms  to  one  another  in  the  molecule.  They  have  served  as  the  guides 
in  some  of  the  most  important  chemical  discoveries  of  the  present  century;  such 
as  the  discovery  of  the  process  of  manufacturing  artificial  madder  and  indligo  by 
S3mthesis  from  coal-tar  products. 

Variation  in  Valence. — By  graphic  formulae  we  are  able  to 
explain  a  fact  that  is  always  a  matter  of  difficulty  to  the  student — 
viz.,  the  variation  in  the  valence  of  atoms. 

There  are  two  well-known  ^series  of  salts  of  mercury  and  copper 
in  which  there  is  no  real  variation  in  valence;  but,  owing  to  the  unit- 
ing of  two  atoms  of  the  metals,  each  loses  an  available  bond  or  point 
of  attraction.    The  following  formulae  wiU  render  this  clear: 

Hg<^g}'  and  ^r        *  Cu/g  and,^!""^* 

^^'  Hg— CI.  ^^'         Cu— CI. 

In  other  cases,  and  under  certain  wdl-known  conditions  which  we 


can  control  in  the  laboratory,  the  atom  whidi  has  previously  existed 
as  a  dyad  suddenly  becomes  a  tetrad,  or  a  triad  becomes  a  pentad, 
and  so  on. 

These  changes  are  always  extremely  puzzling  to  the  student,  and 
we  shall  dwell  a  little  upon  them.  When  ammonia  gas  (NH,),  for 
example,  is  absorbed  by  water,  it  combines  with  a  molecule  of  the 
water  and  becomes  NH^OH.  If  we  represent  the  three  molecules 
graphically,  we  have: 


;Nci 


— H       H— O— \7— H. 
H-l\-H. 


As  will  be  seen,  two  new  points  of  attraction  have  made  their  ap- 
pearances upon  the  nitrogen  atom  of  NH^OH.  A  large  number  of 
such  cases  are  known,  and  the  explanation  is  as  follows: 

The  full  valence  of  nitrogen  is  pentad.  In  the  compound  H,N, 
for  some  unknown  reason,  two  poles  of  the  atomic  magnet  neutralize 
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each  other,  and  so  the  combining  power  of  the  atom  is  lessened  by 
two.  This  increase  or  diminution  of  combining  power  always  takes 
place  in  pairs,  so  that  a  dyad  may  become  a  tetrad,  but  not  a  triad. 
A  monad  may  become  a  triad  or  a  pentad,  but  never  a  dyad  or  tetrad. 

Other  Signs  Used  in  Writmg.—A  plus  sign  between  two 
formulae  indicates  that  the  substances  whose  molecules  they  represent 
are  brought  together. 

The  minus  sign  indicates  that  the  molecule  following  it  is  ab- 
stracted from  the  preceding  one.  The  sign  of  equality  is  used  to 
indicate  that  what  follows  is  the  result  of  some  change  that  has  taken 
place.  HCl  +  AgNO,  -  HNO,  +  AgCl.  This  equation  shows 
that  the  molecules  represented  by  the  first  two  formulae  have  been 
brought  together,  and  that  a  change  has  taken  place  resulting  in  the 
formation  of  the  two  last. 

Compound  Radicals.— A  radical  or  root  of  a  series  of  com- 
pounds is  a  characteristic  atom  or  group  of  atoms  running  through 
all  of  them,  like  a  root  in  language.  Thus,  the  interrogative  root 
wh  runs  through  all  that  class  of  words,  as  who,  which,  when,  what^ 
etc.  So  in  chemical  compounds  we  have  a  large  number  of  potas- 
sium compounds,  in  which  the  atom  K  appears  as  the  characteristic 
atom:  As,  KNO„  KC10„1K:,C0„  K,S0^  and  KCl.  It  is  there- 
fore called  the  root  or  radical  of  these  compounds.  A  single  atom 
which  forms  a  series  of  characteristic  compounds  is  called  a  sinq>le 
radical.  In  most  inorganic  compounds  the  radicals  may  be  regarded 
as  identical  with  the  electrical  ions  (see  p.  59) — that  is,  the  radicak 
composing  the  molecules  are  believed  to  be  dissociated  when  the  sub- 
stance is  in  dilute  solution,  and  they  may  be  collected  at  the  opposite 
electrodes  by  an  electrical  current. 

Sometimes  the  radical  foimd  to  be  characteristic  of  a  series  of 
compounds  is  a  group  of  atoms  instead  of  a  single  atom.  Thus,  we 
have:  (NHJNO„  (NH^Cl,  (NHJNO,,  (NH^,S,  etc.,  in  which 
the  characteristic  radical  is  a  group  of  atoms,  or  is  a  compound 
radical. 

A  compound  radical  may  be  regarded  as  a  group  of  atoms  which  behaves  like 
a  simple  radical  or  single  atom.  Like  the  single  atom,  it  exists  only  in  combination 
with  another  atom  or  group  of  atoms,  except  in  very  dilute  solutions,  for  its  bonds 
or  points  of  attraction  are  not  satisfied  unless  it  be  in  combination.  Compoiind 
radicals  or  ions,  like  atoms,  may  be  positive  or  negative.  Each  compound  radical 
has  a  definite  valence,  like  the  atoms.  Some  of  them  have  received  arbitrary 
names,  which  may  or  may  not  express  their  composition,  and  in  most  cases  end  in 
yl.  Thus,  (PO)'",  phosphoryl;  (H-O-)',  hvdnwcyl;  (CO)",  carbonyl;  (CH,)', 
methyl;  (C,HJ',  ethyl;  (H^N)',  ammonium;  (CN)',  cyanogen;  (NH^^  amidogen. 
The  last  three  are  exceptions  to  the  rule  as  to  the  ending. 

In  writing  the  formula  of  these  compound  radicals  they  may  be  regarded  for  the 
time  as  atoms  of  a  compound  nature.    If  we  wish  to  represent  that  several  similar 
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compound  radicals  enter  into  the  same  molecule,  we  inclose  the  formula  in  a  paren- 
thesis, and,  as  with  atcxns,  use  the  numerals,  thus:  (NH«)aCO„  Fe,(OH)^ 


VALENCE  OF  THE  MOST  IMPORTANT  IONS 

. 

Monads. 

Dyads. 

Triads. 

Tbtkads. 

Pbntads. 

Hkxads. 

^^\\:% 

Sulphur.  .  .   S 

Nitrogen,  .  N 

Sulphur,  .  .  S 

Fluorine,.  F 

Nitrogen,  .  N 

Chlorine,   CI 

Bromine,   Br 

Phosphorus,  P 

Phosphorus,  P 

Iodine,  .  ^  I 

Arsenic, .  .  As 
Boron,    .  .    B 
Antfanony,    Sb 

Carbon,.  .  .  C 
SUicon, ...  Si 

Arsenic,  .  As 

Chromium. .  Cr 
Manganese,  Mn 

Hydrogen,  H 

Mercury,.  .Kg 

Gold, .  .  .  Au 
Bismuth.  .   Bi 

PUtinum,.  .Ft 
Tin,    ...  .Sn 
Iron,  .  .  .  .Fe 

SiWer..  .Ac 

Ear*. :  :?S 

Cadmium,  .Cd 
Cobalt..  .  .Co 
Nickel, .  .  .  Ni 
Iron,  .  .  .  .Fe 
Chromium, .  Cr 
Man«ancM,Mn 
Zinc,.  .  .  .Zn 

strontium,  .  Sr 
Barium.    .  .  Ba 

Chromium,  .Cr 
Ahiminnm, .  Al 

Sodfani,.Na 

' 

CHARACTERISTIC  COMPOUND  IONS  WITH  NAMES  OF  COMPOUNDS 

THEY  FORM. 


Monads. 


Dyads. 


Triads. 


Tetrads. 


NOs<- Nitrates 

CIQi  •- Chknates 
Na<- Nitrites 
CIO  <-  Hypochlorites 
PHiOi  -  Hypophos- 

phites 
CN»  Cyanides 
QH«C%  »  Acetates 
CrH»0|  «*  Bensoates 
CfH^Ok  -  Salicylates 
C»H«0  -  Carfaoiates 
CjHftO*  »  Lactates 
HO -Hydroxides 
NH4  »  Ammonium 
CH.-MethYl 
CA*  Ethyl 


SOa  *  Sulphates 
CrO«  w  Chromates 
CrflOr  •"  Bichromates 
SOa  «  Sulphites 

C1O4  «•  Oxalates 

C4H4O1 «  Tartrates 
C4H4O1  -  Mabites 

COs  «•  Carbonates 


Hgk  *  Mercnrous  Saks 
CUfl*  Cuprous  Salts 


POa  »  Phosphates 
AsOt  —  Arsenites 
ASO4  »  Arsenates 
BOa—  Borates 


Si04  -  Silicates 

^O*  *  Pyrophosphates 

FeCy«  —  Ferrocyanides 


CAOt- Citrates 


Hbxads. 


FoiCyn  »  Ferricyanldes 
Alt »  Aluminic  SalU 
Cri  —  Chromic     " 
Muf  »  Manganic  ** 
Fei  -  Ferric 


In  the  first  of  above  tables  wiH  be  found  the  more  important  elements, 
arranged  according  to  both  quality  and  quantity  of  combining  power. 
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The  ekmeots  at  the  top  of  die  table  aie  n^ative  to  all  bebw  than; 
and  those  at  die  bottcnn  are  positive  to  all  above.  They  aie  also 
divided  into  monad,  dyad,  triad,  etc,  some  appearing  in  two  or  even 
thiep  columns,  because  ol  their  change  in  valence.  In  the  second 
taUe  «^  bt.  found  the  more  common  atomic  groiqis  or  conqKrand 
i^MMtt  widi  the  names  of  the  classes  of  compounds  thc^  form,  arranged, 
as  feu*  as  possible,  in  the  same  order  as  the  elements.  In  regard  to 
their  electrical  polarity,  less  certainty  exists  than  with  the  elements. 

Types  of  Chemical  Compounds.— There  are  four  forms  in 
which  atoms  group  themselves,  which  are  so  persistent  and  character- 
istic, and  to  which  so  many  compound  molecules  conform,  that  they 
may  be  regarded  as  types  or  pattmis,  and  are  of  great  use  in  classify- 
ing chemiod  substances. 

These  four  types  are  illustrated  by  the  following  graphic  fcmnube 
of  wdl-known  substances: 

H 
C 

HC         OH 


N^ 


IC         OH 


H  C 


H— a  H— O— H  -^^-H  H 

Hfdraveii  CUoride.  Water.  Ammooia. 


These  four  types  or  models  are  generally  known  as  the  hydro- 
chloric acid  type,  the  water  type,  the  ammonia  type,  and 
the  benzene  type.  The  binary  compoimds  mentioned  above  are 
constructed  on  the  first  type.  The  ternary  acids,  bases,  and  salts 
are  constructed  on  the  second  or  water  type.  Arsin,  AsH„  is  an 
example  of  a  compound  of  the  ammonia  type. 

It  is  in  the  study  of  organic  compounds  that  reference  to  these 
types  is  most  useful.  In  these  the  compound  radicals  make  the  for- 
mula so  complicated  that  we  are  obliged  to  keep  in  mind  the  type 
of  structure  of  the  molecules  to  understand  their  composition.  Hie 
alcohols,  ethers,  and  organic  acids  iUustrate  the  use  of  types. 

CH,— O— H  CH,— O— CH,  CHO— O— H 

MethyUkobol.  Methyl-ether.  Formic  Add. 

These  compounds  are  all  formed  on  the  water  type.  The  following 
are  examples  of  compounds  formed  on  the  ammonia  type: 

N{i     N(r     W     N{P^ 

Ammonia.  Metbytamin.  Phenjlainiii.  Acdaoilld 
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Condensed  types  may  be  formed  by  two  molecules,  or  parts  of 
molecules,  being  bound  together  by  a  bivalent  atom  or  radical.  The 
following  are  examples  of  condensed  types: 


H  H        H 

/ 


N-H  n4  h/  V  \h 

,  >^  >co  A    V    In 

N-H  H-o\          N-H           V^V/ 

^H  YL—O/^^*        Yi—O/                      "                   H         H 

Ethylene-  Hydrogen  Sulphate.          GlycecoL            Carbamid,                 Naphthalene. 

^'      *~'  or  Urea, 


Compound  Molecules  Classified. — The  system  of  nomenclature 
now  in  use  for  naming  chemical  compounds  is  based  upon  the  com- 
position and  properties  of  the  bodies  in  questk>n;  and  the  name  of 
the  body  is  intended  to  express  our  idea  of  its  chemical  composition. 
Homogeneous  bodies  are  supposed  to  be  made  up  of  a  collection  of 
similar  molecules;  hence,  a  formula  which  represents  the  composition 
of  a  single  molecule  really  represents  the  composition  of  the  mass. 
In  applying  names  to  compounds,  we  apply  the  name  to  the  molecule 
as  well  as  to  the  mass. 

Compound  molecules  may  be  divided  into  two  classes:  (i)  Binary 
molecules,  as  those  composed  of  two  kinds  of  atoms  or  radicals 
directly  united,  as  NaCl,  KBr,  MgCl,,  and  (NHJCl.  (2)  Ternary 
molecules,  as  those  composed  of  three  or  more  kinds  of  atoms  or 
radicals,  some  of  which  act  as  linking  atoms,  as: 

K— O— {NOJ,  Na— O—H,  H-O— (CIO,),  K— S— (CN),  and  hIJ/^^, 

Binary  molecules  may  exhibit,  an  acid  or  a  neutral  reaction  to 
test  paper,  but  not  basic  properties.  The  neutral  bodies  of  this  class 
are  usuaUy  called  binary  salts. 

Ternary  molecules  are  divided  into  acids,  bases,  and  salts. 
An  acid  is  a  compoimd  which  dissociates  when  in  solution  into 
a  positive  hydrogen  ion  and  a  negative  ion.  This  negative  ion  may 
be  either  an  atom  or  a  compound  radical.  An  acid  molecule,  then, 
is  one  composed  of  a  negative  atom  or  radical  united  to  hydrogen 
either  directly  or  by  a  linking  atom,  as: 

H-Ov 
H^S,    H— O-KNOJ,    H,-0,-SO,,    and  H— O^PO 

H— 0/ 

Acids  usually  possess  a  sour  taste,  act  upon  bases  to  form  salts^ 
act  upon  many  metals  with  the  elimination  of  hydrogen  and  the  for- 
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mation  of  salts,  and  change  vegetable  blue  colors  to  red.  The  dis- 
sociable hydrogen  of  an  add,  or  that  which  is  replaceable  by  metallic 
atoms,  is  called  basic  hydrogen. 

The  basicity  of  an  acid  is  determined  by  the  nimiber  of  basic 
or  positive  hydrogen  atoms  in  its  molecule. 

Acids  may  be  monobasic,  dibasic,  tribasic,  tetrabasic,  etc,  ac- 
cording as  their  molecules  contain  one,  two,  three,  four,  etc.,  atoms 
of  basic  or  replaceable  hydrogen. 

Anhydrides  are  compounds  formed  from  acids  by  removing  one 
or  more  molecules  of  water: 

Thus,  hx>m  sulphuric  add,  HJSO4,  is  formed  suli>huric  anhydride,  SO^  Fkom 
carbonic  add,  H.COy  is  formed  carbonic  anhydride,  CO^  From  nitric  acid, 
HNOy  is  formed  nitric  anhydride,  N,0^  From  phosphoric  add,  H^04,  is 
formed  phosphoric  anhydride,  Vfiy  From  arsenious  add,  H,AsO„  is  formed 
arsenious  anhydride,  As^O^  In  the  last  three  examples  it  will  be  observed  that 
two  molecules  of  add  are  condensed  into  one  molecule  of  anhydride. 

A  basic  molecule  is  one  composed  of  an  electropositive  atom 
or  radical  combined  with  hydroxy!,  and  which  dissociates  in  solution 
into  two  ions,  one  of  which  is  hydroxyl  ( — OH).  The  basic  properties 
depend  upon  the  free  OH  ions.  The  strongest  bases  have  a  caustic 
action  on  animal  tissues.  They  react  upon  adds  to  neutralize  their 
acid  properties,  and  form  salts.  They  restore  the  blue  color  to  vege- 
table coloring  matters  reddened  by  adds.  The  activity  or  strength 
of  a  base  is  dependent  u[X)n  the  facility  with  which  it  dissociates.  The 
inorganic  bases  are  called  hydroxides. 

A  salt  is  a  compound  formed  by  the  action  of  an  add  upon  a  base. 
It  is  composed  of  a  positive  and  negative  radicals  united  by  a  linking 
atom,  usually  either  oxygen  or  sulphur.  Binary  salts  contain  no 
linking  atoms.  The  salts  usually  dissociate  into  two  ions — i,  ^.,  they 
are  usually  electrolytes.  The  following  formulae  represent  examples 
of  bases  and  salts. 

xOH 


.O-H  ../^ 

KC10„  BaSO,.  Na^O^.  (NH,)— (NO^ 


KOH,  B*<0— H  B'^? 


It  is  evident  that  a  salt  may  be  formed  by  treating  an  add  with  a 
metal,  which  replaces  the  basic  hydrogen  of  the  add  with  metallic 
atoms. 

Salts  are  classified  into  normal  salts,  acid  salts,  basic  salts, 
and  double  salts.  A  normal  salt  is  formed  by  replacing  all  the 
basic  hydrogen  atoms  of  an  acid  with  an  electropositive  radical. 
An  acid  salt  is  formed  by  replacing  a  part  of  the  basic  hydrogen  of  a 
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polybasic  acid  with  a  positive  radical.  Add  salts  are  frequently  called 
bi-salts ;  as,  bisulphate  or  bicarbonate  of  sodium.  Thus,  from  n^o^^^ 
we  may  have  Na— (p'SO^  a  normal  salt,  and  h*^>^^»  an  acid  salt. 
A  double  salt  is  formed  by  replacing  a  part  of  the  basic  hydrogen 
of  an  add  with  one  kind  of  positive  radical,  and  a  part  with  another,  as 

A  basic  salt  is  one  in  which  the  properties  of  the  base  still  exist. 
Or  it  is  a  salt  formed  by  reacting  upon  a  base  with  an  insuffident 
amount  of  add  to  neutralize  all  the  basic  properties.  Basic  salts  are 
sometimes  called  subsalts  or  ozysalts. 

Basic  salts  may  be  of  two  kinds:  (i)  The  acid  radical  may  replace 
only  a  part  of  the  hydroxyl  of  a  base,  leaving  a  part  of  it  to  exhibit 
basic  properties.  (2)  On  treating  an  excess  of  a  metallic  oxide  with 
an  acid  a  part  of  the  excess  of  the  oxide  may  combine  with  the  salt 
and  produce  a  basic  salt.  These  two  classes  of  basic  salts  are  shown 
by  the  following  formulas: 

^  Pb-0-(CAO) 

Bi£o-NO,     Bi-O^^^'       PbZo-k"^  ^ 

"^O  Pb-O— (CAO) 

Bianratli  Bismuth  Plumbic  Plumbic 

SoboitnUe.  Subcarbooate.  Sub«cetaCe.  Subacefte. 

The  commercial  subsalts  are  seldom  of  definite  chemical  compo- 
sition, often  being  mixtures  of  the  oxide  with  the  basic  or  normal  salt. 
Lead  and  bismuth  are  two  metals  especially  liable  to  form  basic  salts. 


NOMENCLATURE. 

Naming  of  Chemical  Compounds.-~Rule :  Give  the  name 
of  the  positive  radical  first;  then  the  name  of  the  leading 
negative  atom  or  radicali  with  its  termination  changed  to 
id*  or  ide  in  binarieSi  and  to  ite  or  ate  in  temarieSi  ite 
denoting  the  lower  and  ate  the  higher  valence  of  the  nega- 
tive atom. 


♦  The  final  e,  in  the  spelling  of  the  names  of  the  binary  compounds,  is  recom- 
mended to  be  dropped  by  the  rules  of  the  American  Association  for  the  Advance- 
ment of  Science.  For  these  rules,  see  Appendix.  The  reasons  lor  retaining  the 
establi^ied  spelling  in  this  edition  will  be  found  in  the  Preface. 
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Examples. 
NaCl     —  Sodium    Chlorid  or  Chloride,  —  binaiy. 
NaNO,  —       "  Nitrite,  — ternary. 

NaNO, «       *'         Nitrate,  —      " 

BaCl,     —  Barium    Chlorid  or  Chloride,  —  binary. 
CaBr,    =»  Calcium  Bromid  or  Bromide,  —      " 
BaSO,   =  Barium    Sulphite,  —  ternaQr. 

BaSO^    =        "         Sulphate,  —      " 

As  will  be  seen  on  inspection,  the  valence  of  the  negative  atom 
is  indicated  by  the  comparative  amounts  of  oxygen  which  it  holds. 
Compare  BaSO,  and  BaSO^;  also,  NaNO^  and  NaNO,.  In  com- 
pounds like  the  following, — SnClj,  SnCl^,  CuClj,  CujClj,  HgCl,, 
HgjClj,  FeClj,  and  FejCl^,— where  there  are  more  than  one  valence 
of  the  positive  atom,  the  endings  ous  and  ic  are  used  to  distinguish 
them;  thus: 

SnCl,    *=  StannMW  Chloride,  dyad  tin. 


SnCl^    —  Stannic 

u 

tetrad  tin. 

CuClj   «  Cupric 

« 

CujCl,  -  Cuprcmj 

<l 

HgjCl,  =  Mercurous 

« 

HgCl,  -  Mercuric 

« 

FeCI,    «  Ferrous 

a 

dyad  iron. 

Fe,CIe  =-  Ferric 

« 

tetrad  iron. 

When  more  than  two  valences  are  known,  we  employ  the  prefix 
per  to  denote  a  valence  higher  than  that  expressed  by  ic  or  ate,  and 
h]rpo  to  denote  a  lower  than  that  expressed  by  ous  or  ite.  They 
are  prefixed  alike  to  positive  and  negative  radicals. 

Examples. 
NjO        -»  Nitrous  oxid  or  oxide. 
N,0,       -Nitric 

NjO^       «-  Nitric  peroxid  or  tetroxid. 
Na^jO,  «=  Sodium  Hyposulphite. 
H^O,     «  Hydrogen  Sulphite  or  Sulphurous  add 
HiS04     —         "  Sulphate  or  Sulphuric  add. 

KCIO      s=  Potassium  Hypochlorite. 
HCIO,    -=  Hydrogen  Chlorite  or  Chlorous  add. 
HCIO,    «         "  Chlorate  or  Chloric  add. 

KCIO4    «-  Potassium  Perchlorate. 
CI,0        «■  Hypochlorous  oxid  or  oxide. 

The  binary  acids  are  more  commonly  named  in  the  following 
manner- 

The  negative  atom,  with  the  prefixes  and  suffixes  usually  attached 
to  positive  elements,  is  named  first;  this  is  followed  by  the  word 
acid,  thus: 

HCl  -•  Hydrochloric  Acid  for  Hydrogen  Chloride. 
HBr  -  Hydrobromic  "  for  "  Bromide. 
HI     -  Hydriodic  "    for  "        Iodide. 

HjS  —  Hydrosulphuric  add  for      "        Sulphide. 
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The  binary  adds,  above  mentioned,  are  called  hydracids  to  dis- 
tinguish them  from  the  oxacids  or  ternary  acids;  and  in  the  naming 
of  them  the  prefix  hydro  is  used. 

Examples  of  Oxacids. 
HCIO   —  Hydrogen  Hypochlorite  or  Hypochlorous  Add. 

HNO,  «-         "         Nitrite  or  Nitrous  " 

HCIO,-         "         Chlorate         or  Chloric  " 

HNO,  -         "         Nitrate  or  Nitric  " 

H^SO,  -         "         Sulphite         or  Sulphurous  *« 

HiS04  -         "         Sulphate        or  Sulphuric  " 

HjCO,  -         "         Carbonate      or  Carbonic  " 

It  will  be  seen  that  each  of  the  above  adds  has  a  characteristic 
negative  group  of  atoms:  thus,  in  sulphates  we  may  always  expect 
the  group  SO/';  in  a  sulphite  we  will  always  find  the  group  SO3"; 
in  a  nitrate,  NO/;  in  a  chlorate,  CIO/,  etc.  These  groups  are  Uie 
electronegative  portion  of  the  molecule,  and  become  the  anions  in 
aqueous  solutions. 

Nomenclature  Simplified. — The  above  rules  of  nomenclature  may 
be  applied  much  more  easily  by  reference  to  the  table  given  on  page  83. 

By  the  use  of  this  table  the  student  can  easily  learn  to  name  all 
the  more  common  compounds.  Let  it  be  desired,  for  example,  to 
name  the  following  formula:  CuSO^.  Cu  is  the  symbol  for  copper. 
We  next  look  among  the  compound  ions  and  find  SO^  to  be  the  char- 
acteristic ion  of  all  sulphates.  The  name  of  the  formula  is,  there- 
fore, copper  sulphate.  What  is  the  formula  of  zinc  carbonate  ?  We  find 
zinc  among  the  dyads,  as  also  the  group  CO3  opposite  the  word  carbon- 
ates. Both  these  ions  are  dyads,  and  as  a  dyad  is  equivalent  to  a  dyad, 
they  will  combine  directly,  and  we  have  ZnCO,  as  the  desired  formula. 

What  is  the  formula  of  sodium  sulphate  ?  The  symbol  of  the  sodium 
ion  is  Na;  it  is  a  monad,  while  the  SO^  ion  is  a  dyad.  Two  monad 
ions  are  equivalent  to  one  dyad  ion.  Hence  NajSO^  is  the  formula 
of  sodium  sulphate.  Let  it  be  desired  to  know  the  formula  of  cal- 
cium phosphate.  Here  we  wish  to  combine  a  triad  with  a  dyad  ion. 
To  do  so  we  must  double  the  triad  to  get  an  even  number  of  bonds; 
we  must  take,  then,  three  atoms  of  calcium  to  get  six  bonds.  The 
formula  will  thus  be  Ca,(POj2.  What  is  the  formula  of  ferric  oxide? 
In  ferric  iron  two  atoms  always  go  together  as  a  hexad  ion.  It  will 
require  three  dyads  to  saturate  Uie  hexad,  and  we  have  Fe,0,.  Stannous 
chloride  will  have  the  formula  SnCl^;  stannic  chloride,  SnCl4;  mercuric 
oxide,  HgO;  mercurous  oxide,  Hg20;  and  cuprous  chloride,  CujCl,. 

Examples  for  Practice. — We  introduce  here  a  series  of  formula 
for  practice  in  nomenclature,  with  corresponding  names  in  columns 
below.  The  numbers  opposite  the  formulae  will  be  found  opposite 
the  corresponding  names  below. 
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13    KI 

15  Cu^eCy, 
i6  (NHJ^ 

19  KHCO, 
30  SbCl, 

21  BiONO, 

22  Fc/FeXy«) 

23  K(CN)S 

24  K/:i04 


1  Barium  Hrdionde. 

2  Caldum  Oxalate. 

3  Bbmuth  Chloride. 

4  Sodium  Cariwnate. 

5  Magnesium  Sulphate. 

6  Ferric  Sulphate. 

7  Silver  Nitrate. 

8  Ammonitun  Chloride. 

9  Hydrogen  Nitrate. 

(Nitric  Acid.) 
xo  Mercurous  ChlOTide. 

11  Lead  Chromate. 

12  Potassium  Iodide. 

13  Potassium  Oxide. 

14  Arsenous  Oxide. 

15  Copper  Ferrocyanide. 

16  Ammonium  Sulphide. 

17  Arsenous  Sulphide. 

18  Ammonium  Magne- 

sium Phosplmte. 

19  Acid  Potassium  Car- 

bonate, or  Potas- 
sium Bicarbonate. 

20  Antimonous  Chloride. 

21  Bismuth  Oxy  nitrate. 

22  Ferrous  Ferriciranide. 

23  Potassium  Sulphocy- 

anate. 
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25  Fe^CiOJ. 

26  Al^OH). 
27KCy 

28  ZoO 
99  SiCO, 
3oSr(NOj, 

31  BaiCI, 

32  N^^'O, 
33(Nd^O, 

34  KNaSO, 

35  NaHCO, 
36Ca/POJ, 

37  Ca(POA), 

38  NaClO 

40  O, 

41  KCIO^ 

42  Pb^CAPa). 

43  AgCI 

44  AgBr 
45NaF 

46  Nal 

47  KBr 

48  PbCI, 

24  Potassium  Chromate. 

25  Ferrk  Chromate. 

26  Aluminic  Hjrdroxide, 

or  Hydrate. 

27  Potassitun  Cjranide. 

28  Zinc  Oxide. 

29  Strontium  Carbonate. 

30  Strontium  Nitrate. 

31  Barium  Chlor  de. 

32  Ammonium  Nitrate. 

33  Ammonium  Carbonate. 

34  Potassium  Sodium  Sul- 

phate. 

35  Hydrogen  Sodium  Car- 

bonate. 

36  Tricalcium  Phosphate. 

37  Caldum       Hypophos- 

phite. 

38  Sodium  Hypochlorite. 

39  Bismuth  Oxide. 

40  Oxygen. 

41  Potassium  Perchlorate. 

42  Basic  Plumbic  Acetate. 

43  Silver  Chloride. 

44  Silver  Bromide. 

45  Sodium  Fluoride. 

46  Sodium  Iodide. 


49  Fe^ 

51  And, 
52M11O, 

53  K^MnO. 

54  Ba(NO^ 

55  MiiSO« 

56  PbSO. 

57  Cu(cJa,oj, 

58Ca(CSpj^ 
S9Ca(Oa), 
6d  Fe/CAOJ. 
61  Na,S/>. 
6s  Na^O, 

64  K/:r,0, 

65(N^C,0, 

66CaSO, 

67  Ca(CX0J 

68  Na^cAoj 

69  Na^O, 

70  Na^AsO^ 


47  Potassium  Bromide. 

48  Lead  Chloride. 

49  Fenic  Chloride. 

50  Platinic  Chloride. 

51  Gold  Chloride. 

52  Manganic  Oxide. 

53  Potassium  Manga nate. 

54  Barium  Nitrate. 

55  Manganese  Sulphate. 

56  Lead  Sulphate. 

57  Copper  Acetate. 

58  Cakium  Acetate. 

59  Calcium  Hypochlorite. 

60  Ferric  Acetate. 

61  Sodium  Persulphate. 

62  Sodium  Pyrosulphate. 

63  Potassium  Permangan* 

ate. 

64  Acid  Potassium  Chro* 

mate.     (Potassium 
Bichromate.) 

65  Ammonium  Oxalate. 

66  Calcium  Sulphite. 

67  Calcium  Tartrate. 

68  Sodium  Malate. 

69  Sodium  Araenite. 

70  Sodium  Arsenate. 
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ImgolaritiM  in  Hdiiwnclatorg. — ^In  many  mcdioil  and  phannaceutkal 
works  the  old  style  of  making  the  negative  precede  the  positive,  with  the  preposition 
ol  between  them,  is  still  usm.  In  this  case  per  is  used  instead  of  ic  or  ate,  and 
proto  instead  of  it»  or  oos.    These  irregularities  are  obsolete. 

Examples, 
new  name.  old  name. 

SnCl,        —  Stannous  Chk>ride    or  Piotochk>ride  of  tin. 
SnCL        —  Stannic  "  or  Perchloride  of  tin. 

Fe^Clg       ■"  Ferric  "  or  Perchloride  of  iron. 

F4(S0^,  —     "     Sulphate  or  Persulphate  of  iron. 

Fe,0,        ->     "     Oxide  or  Per- or  Sesquioxide  of  iron. 

H^I,        «  Mercurous  Iodide     or  Protiodide  of  mercury. 
Hg,Cl,      ->  **         Chloride  gs  Protochloride,  mikl  chkmde,  or  calomel. 

HgCl^       ^  Mercuric  Chloride    or  Bichloride,  corrosive  sublimate. 
HgO         —  "      Oxide        or  Red  oxide  of  mercury. 

B^O        -»  Mercurous  Oxide      or  Black  oxide  or  protoxide  of  merctiry. 

The  nroto-  salts  of  iron  are  the  termit  talts,  while  the  per-  salts  are  the 
ferric  Baits. 

The  oxides  of  the  alkaline  metals,  the  earths,  and  the  alkaline  earths  are  some- 
times  named  as  follows: 

A],0,  Alumina.  CaO  lime. 

MgO  Magnesia.  K,0  Potassa  or  Potash. 

BaO  Baryta.  Na,0  Soda. 

SrO  Strontia. 

Some  writers  name  those  oxides  of  the  non-metallic  elements  which  dissolve 
in  water  to  form  acids  as  though  they  were  formed  from  the  acids  by  abstracting 
one  or  more  molecules  of  water. 

Thus  SO,   is  named  Sulphtuous  Anhydride. 
CO,  "      Carbonic 

N,0,         "      Nitrous 
N,0,         "      Nitric  " 

P,0,         "      Phosphoric  " 


For,  SO,    +  H,0    -  H,SO,    -  Sulphurous  Add. 
CO,   +  H,0    -  HJCO,    -  Carbonic 
N,0,  +  H,0    -  2HNO,  -  Nitric 
P,0,  +  3H,0  -  2H,P04  -  Phosphoric     " 
SO,    +H,0    -H,S04    -Sulphuric 


It  is  a  common  custom  with  some  authors  to  use  the  numerals  di,  tri  or  ter, 
tetra,  and  penta  to  indicate  the  number  of  atoms  of  the  element  to  whose  name  the 
numeral  b  prefixed. 

Thus:  FeS,  Ferric  Disulphide    or  Bisulphide  of  Iron. 

Fe^  Diferrous  Sulphide  or  Sulphide  of  Iron. 

F^S,  Ferric  Sulphide       or  Sesquisulphide  of  Iron. 

FeS  Ferrous  Sulphide    or  Protosulphide  of  Iron. 

CO,  Carbon  Dioxide      or  Carbonic  Anhydride. 

PC^  Phosphorus  Trichloride. 
PCL  "         Pentachloride. 

HgCl,  Mercuric  Dichloride  or  Bichloride  of  Mercury. 
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A  few  compoands  aie  known  by  names  which  do  not  express  their  compositioa. 

Thus:  H,N  Ammonia. 

CN    Cyanogen  (symbol  Cy). 

H^b  Antimonuietted  Hydrogen  or  Stibin. 


fi^As  Arsenuretted 
H^    Sulphuretted 
BJP   Phosphoretted 
H4C  Light  (!arburetted 
H4C,  Heavy  Carburetted 


or  Aisin. 

or  Hydrosulphuric  Add. 

or  Phosf^iin. 

orMaishGas. 

or  Okfiant  Gas. 


A  glossary  of  obsolete  and  popular  names,  and  those  of  some  chemical  com- 
pounds only  occasionally  met  with,  will  be  found  in  the  Appendix. 


CHEMICAL  REACTIONS  AlTD  EQUATIONS. 

A  chemical  reaction  is  the  mutual  action  taking  place  between 
two  substances  on  being  brought  together.  Ionization  usually  takes 
place  before  the  reaction.  The  reaction  consists  then  in  a  imion  of 
dissociated  ions.  A  reagent  is  a  body  which  is  added  to  another  to 
cause  such  a  change.  When  a  jet  of  coal-gas  is  burned  in  the  air, 
the  reagents  are  the  gas  and  the  oxygen  of  the  air.  The  results  of 
the  reaction  are  light  and  heat.  The  products  of  the  reaction  are 
the  watery  vapor  and  carbon  dioxide  which  are  produced.  The  factors 
entering  into  the  reaction  are  oxygen  and  the  compounds  which  com- 
pose the  gas. 

All  material  bodies,  under  certain  conditionsi  may  undergo  marked  changes  in 
properties.  As  the  physicial  properties  of  bodies  depend  upon  the  properties  of 
their  molecules,  any  great  change  in  these  properties  must  depend  upon  a  corre- 
sponding change  in  the  molecules.  In  a  homogenous  mass  of  matter  all  molecules 
are  alike;  and  any  chemical  change  which  we  are  able  to  produce  in  one  molecule 
of  such  a  mass  may,  with  certainty,  be  produced  in  all.  Hence,  by  representing 
the  changes  which  take  place  between  two  dissimilar  molecules,  we  do,  in  reality, 
represent  the  changed  taking  place  between  the  masses  of  which  these  molecules 
form  a  part.    It  is  upon  this  prmciple  that  we  represent  chemical  changes  to  the  eye. 

Reaction  Velocity. — ^While  all  material  molecules  are  more  or 
less  liable  to  undergo  chemical  change  by  the  action  of  external  agen- 
cies, some  do  so  very  readily,  while  others  resist  such  change  with 
considerable  tenacity.  Chemical  reactions  are  favored  by  anything 
that  lessens  cohesion,  promotes  dissociation,  or  favors  the  free  move- 
ment of  the  molecules;  as  solution,  pulverization,  percussion,  tritura- 
tion, heat,  light,  and  electricity. 

Reaction  between  solids  is  always  slow,  and,  in  many  cases,  entirely 
wanting.  If  the  solids  are  brought  togetiier  in  solution,  the  reaction 
takes  place  more  rapidly;  if  volatilized,  still  more  rapidly.  Reactions 
between  gases  usually  take  place  almost  instantaneously  throughout 
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the  mass,  and,  in  many  cases,  with  an  explosion.  Heat  usually  in> 
creases  the  velocity  of  chemical  action,  and  cold  retards  it.  Light 
favors  many  kinds  of  chemical  change,  but  does  not  afifect  alL  The 
more  completely  the  substance  is  dissociated  into  ions,  the  more  rapid 
is  the  reaction  Reactions,  in  the  laboratory,  are  genendly  conducted 
in  solutions.  When  the  bodies  are  soluble  in  water,  that  liquid  is 
generally  selected;  if  not,  some  other  solvent,  such  as  ether,  alcohol, 
chloroform,  etc,  is  employed. 

The  Laws  of  BerthoUet.— When  two  or  more  substances  are 
brought  together  in  solution  the  action  that  will  take  place  depends 
largely  upon  the  following  conditions,  first  formulated  by  Berthollet: 

1.  Wlien  two  or  more  substances  are  brought  tog^tther  in 
solution,  if  by  any  rearrangement  of  the  atoms  a  product 
can  be  formed  which  is  insoluble  in  the  liquid  present,  that 
substance  will  form  and  separate  as  a  precipitate. 

2.  When  two  substances  are  brought  together  in  solution, 
if  a  gaseous  body  or  one  that  is  yoUtile  at  the  temperature 
of  the  experiment  can  form,  it  will  form  and  escape  as  a 
gas  or  vapor. 

Illustration* — BaCl^  +  NSLSO4  —  ?  By  a  rearrangement  of  these  atoms,  ac- 
cording to  the  principles  stated  on  p^  og,  there  can  only  form  BaSO^  and 
2NaCl.  The  latter  of  these  is  soluble  in  water,  while  the  former  is  not;  hence, 
BaS04  will  always  separate  from  this  mixture. 

Zn  +  9HCI  —  ZnCL  +  H^  Here,  by  changing  the  places  of  the  two  positives, 
hydrogen  is  set  free,  and  escapes. 

The  above  laws  a^^ly  to  reactions  forming  insoluble  or  volatile 
substances  only.  The  following  applies  to  soluble  non*volatile  sub- 
stances: 

When  two  acids  in  sohition  are  made  to  act  upon  one 
base,  or  two  bases  upon  one  acid,  to  produce  soluble  non- 
volatile substances,  the  base  in  the  first  instance  divides 
itself  between  the  two  acids,  or  in  the  second  instance  the  acid 
is  divided  between  the  two  bases. 

Equilibrium  is  established  when  the  reaction  comes  to  an  end.  Very  many 
reactions  which  take  place  in  solution  are  reversible — i.  e.,  they  take  place  in  both 
directions.  Thus,  if  we  mix  together  ethyl-acetate  and  water,  ethyl-alcohol  and 
acetic  add  are  produced.  If  we  mix  acetic  acid  and  ethyl-alcohol,  ethyl-acetate  and 
water  are  formed.  Such  reactions  are  said  to  be  reversible  reactions  and  are 
represented  as  follows: 

CftO— O— C^,  +  H.O  :^  C^.OH  -f-  C^,OOH 

Ethyl-Acetate.  Ethyl-  Acetic  Add. 

alcohol. 

When  equilibrium  is  established  in  the  above  case,  whichever  mixture  is  made, 
there  will  be  present  the  four  substances.    That  is,  if  a  solution  of  sodium  hy- 
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(ifoxide  be  treated  with  an  excess  of  nitric  and  h3rdrochloiJc  adds,  both  sodium 
nitrate  and  chloride  are  produced;  or  if  sulphuric  add  be  trcatcxi  wiUi  a  mixture  ol 
sodium  and  potassiiun  hydroxides  more  than  sufficient  to  saturate  the  add,  both 
sulphates  are  produced.  The  quantities  of  each  salt  produced  will  depend  upon 
the  relative  quantities  of  the  two  adds  or  two  bases  present,  and  upon  the  rela- 
tive affinities  between  the  adds  and  bases. 

In  diluted  solutions  of  the  above  compounds,  nitric  and  hydrochloric  adds 
were  found  to  be  the  strongest  of  the  mineral  adds,  while  hjrdiolnomic  hydriodic, 
sulphuric,  phosphoric,  oxiuic,  and  acetic  adds  follow  in  the  order  named.  The 
avidity  of  nitric  and  hjrdrochloric  adds  for  sodium  was  found  to  be  twice  that  of 
sulphuric  add,  or,  when  sodium  sulphate  is  treated  with  excess  of  nitric  add,  the 
following  reaction  takes  place: 

2Na^«  +  4HNO,  -  Na^04  +  aNaNO,  +  H^SO^  +  2HNO^ 

Chemical  Equations. — ^Matter  is  indestructible.  Therefore  there 
can  be  neither  loss  nor  gain  in  the  weight  of  the  matter  taking  part 
in  a  reaction.  The  sum  of  the  weights  of  the  factors  entering  into 
a  reaction  must  be  equal  to  the  sum  of  the  weights  of  the  products 
coming  from  it  Hence,  if  we  write  the  sum  of  the  formulas  of  the 
factors  equal  to  the  sum  of  the  formulae  of  the  products  of  any  reaction, 
it  must  always  form  a  true  equation.  In  writing  representations  of 
chemical  reactions  the  student  should  observe  the  following  rules: 

1.  To  write  chemical  equationsi  place  the  formulae  of 
the  factors,  comiected  by  a  plus  sign,  equal  to  the  formulae 
of  the  products,  also  connected  by  a  phis  sign.  Now  take 
such  a  number  of  molecules  of  factors  that  only  whole 
molecules  can  be  produced  in  the  products. 

2.  Positive  ions  or  radicals  combine  with  negative  ions 
and  not  with  positive. 

3.  Every  member  of  the  equation  must  represent  a  lAole 
molecule  or  a  number  of  molecules. 

4.  The  valences  of  the  atoms  and  radicals  must  all  be  sat- 
urated according  to  tlie  rules  laid  down  under  valence,  on 
page  79. 

5.  An  acid  and  a  base  can  not  exist  in  tlie  same  solution. 
They  are  incompatibles,  and  neutralize  each  other. 

6.  The  strongest  acids  generally  select  the  strongest  bases, 
except  in  cases  where  this  is  modified  by  Berthollet's  laws.  Com- 
pound radicals,  as  a  rule,  remain  as  such  in  the  products. 

Illustrative  Examples. 

+  —         +  — 
AgNO, +  NaCl-(?) 

Silver  Sodium 

Nitrate.         Chloride. 

We  firet  determine  which  are  positive  and  which  are   negative  iom.     The 
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metals  are  positive,  and  the  non-metallic  ions  are  negative,  as  indicated  by  the 
signs  above  the  sjrmbols. 

We  next  cause  the  positive  ions  to  exchange  places,  whence  we  have  AftCl 
and  NaNOr 

On  referring  to  the  taUe  of  valences  (p.  83),  we  find  all  these  ions  to  be  monad, 
and  therefore  chemical  equivalents. 

The  completed  equation  will  therefore  be: 


I.    Ag  NO,    +     Na  CI     -     Ag  CI    + 
SUver                 Sodium                SOTer 
Nitrate.             Chloride.           Chloride. 

NaNO,. 

Sodium 
Nitiate. 

2.    Ca  CI,    -f     aAg  NO,    -     aAg  CI    + 

Cddum 
Chloride. 

Ca(NOJ^ 

Caldum 
Nitiale. 

3-    3Ca  CI,    +     2NaJ>0,     -    Ca/PO^ 

TriBodium               Tricaldnm 
Phosphate.              Phosphate. 

+    dNaCL 

Complete  the  following: 

1.  2Ag(NO,)  +  H,S-? 

2.  Pb  (NO,),  +  H^  - 

3.  H,(SOJ-f  CaO,H,- 

4.  KI  +  Ag  NO,  - 

5.  Fe  CI,  +  2KOH  - 

6.  Fe,Cl,+  6KOH- 

7.  Ni  (NO,),  +  Na^  - 

8.  Mg  SO,  +  2(NHJ  OH  - 

9.  Ba  CI,  +  Na,  SO.  - 

10.  BiCL  +  H,0  -  BiOa  +  ? 

11.  Pb  (CAOJ,  +  I^  SO4  - 

12.  Ba  CI,  +  (NHJ,  CrO,  - 

13.  Na,CO,+  2Hd- 

14.  CUSO4+  2NaOH  - 

15.  Hg,(NO,),+  2NaCl-. 

16.  Mg  SO4  +  H  NaJPO,  +  NH^OH  - 

Stochiometiy. — Chemical  symbols  represent  definite  weights,  or 
atomic  weights.  Chemical  formula,  therefore,  enable  us  to  odculate 
the  percentage  of  any  ingredient  in  the  compounds  they  represent; 
or,  from  chemical  equations,  we  may  calculate  the  weight  of  any  sub- 
stance required  by  any  given  process,  or  the  exact  amounts  evolved 
by  it 

These  calculations  are  all  based  upon  the  atomic  weights.  The 
first  step  in  any  such  calculation  is  a  correct  statement  of  the  problem 
in  the  form  of  a  proportion. 

The  molecular  weight  of  calcium  carbonate,  CaCO„  is — 

(C  -  12)  +  (O,  -  48)  +  (Ca  -  40)  -  100.    (See  table,  p.  71.)* 

*  We  use  here  approximate  atomic  weights  instead  of  the  exact  weights. 
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On  inspectibii,  we  see  that  xVV  ^^  ^^  whole  quantity  is  calcium,  ^  carboBS 
and  ^oxygen. 

Let  it  be  desired  to  cakiilate  the  quantity  of  hydrogen  in  one  part  of  water; 
formula,  H,0: 

(H,  -  2)  +  (O  -  16)  -  18. 
^  -  Hydrogen,  Jf  -  Oxygen. 

Stated  in  the  form  of  a  proportion,  this  would  be  18  :  3  : :  z  :  -^  «  (.  In  any 
proportion,  the  fourth  term  must  bear  the  same  relation  to  the  third  that  the  second 
does  to  the  first. 

What  is  the  percentage  of  calciimii  and  oxygen  in  CaCO,? 

Since  percentage  means  parts  in  100,  the  first  problem  would  be  stated  as 
follows: 

CaCO,  :  Ca  : :  100  :  X 

100  :  40  : :  100  :  X  —  ^5ftf  —  40  parts  in  100  parts,  or  40  per  cent 

In  other  words,  calcium  carbonate  contains  40  per  cent,  of  calcium.  The  same 
calculation  may  be  made  for  oxygen,  as  follows: 

CaCO.  :  O,  : :  I  :  X 

100  :  48  : :  100  per  cent.  :  x  —  48  per  cent. 

If,  instead  of  percentage,  we  desire  the  amount  in  ten  parts,  we  substitute  ten 
for  100  in  the  thira  term  of  the  equation,  thus:  100  :  48  : :  10  : 4.8  parts. 

The  fourth  term  of  such  an  equation  will  always  be  of  the  same  denomination 
as  the  third. 

From  the  above  we  easily  deduce  the  following  rule  for  the 
statement  of  such  problems:  As  the  fonnula  of  the  substance 
g^ven  is  to  the  fonnula  of  the  substance  required,  so  is 
the  weight  of  the  substance  given  to  x,  the  weight  of  the 
substance  required.  Reduce  the  formulse  to  their  numerical 
equivalents,  and  find  the  value  of  x. 

When  three  terms  of  an  equation  are  given,  the  fourth  may  be 
found  by  multiplying  the  two  means  (second  and  third  terms)  and 
dividing  the  product  by  the  given  extreme. 

In  calculating  the  percentage  of  any  ingredient,  by  the  above  rule, 
the  weight  given  is  understood  to  be  100,  for  percentage  means 
parts  per  hundred. 
Calculations  based  upon  a  reaction  may  be  illustrated  as  follows: 

Problem — How  much  sulphate  of  zinc  can  be  prepared  from  ten  grams  of  zinc  ? 

Reaction.— Zn  +  H^O^  -  ZnSO^  +  H, 
Statement.— Zn  :  ZnSO^  : :  10  :  x 
Numerical  statement. — 65  :  (65  +  32  +  64  —  161)  j :  10  :  x 
Solution. — 161  X  10  «■  1610 

1610  -*-  65  =  24.8,  Ans.  in  grams. 

Problem. — ^How  much  NaNO,  will  be  required  to  make  one  pound  of  HNO,? 
Equation.— NaNO,  +  H^O^  -  NaHSO^  +  HNO,. 
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The  only  tenns  of  this  equation  concerned  in  the  problem  are  NaNO,  and 
HNO,,  the  latter  being  the  substance  given. 

Statement— HNO,  :  NaNO, : :  i  :  x  pounds. 
Numerical  statement.— 63  :  85  : :  z  :  z 
Solution.— I  X  85  —  85 

85  +  63  -  1.35  pounds  of  NaNO, 

Calculations  involving  gaseous  bodies  require  a  knowledge  of 
the  relations  between  volume,  weight,  and  density.  The  following 
relations  are  the  basis  of  such  odculations: 

1.  All  gaseous  molecules  have  the  same  volume.  (See 
page  12.)  Every  formula  of  a  gaseous  molecule,  therefore,  represents 
a  definite  volume,  as  well  as  a  definite  weight. 

2.  The  density  of  a  gas  is  one-half  its  molecular  weight,  and  the 
densities  of  any  two  gases  are  to  each  other  as  their  molecular  weights. 
(See  page  12.) 

3.  Hydrogen  gas  is  the  unit  of  densities.  The  weight  of  one  liter 
of  hydrogen  at  o®  C.  and  760  mm.  pressure  (standard  conditions), 
called  the  ciithy  is  0.0899  gram. 

To  find  the  weight  of  one  liter  of  any  gas  multiply  its  density  by 
the  weight  of  one  liter  of  hydrogen,  or  the  crith.  The  result  is 
the  weight  in  grams.  To  find  the  volume  of  any  weight  of  a  gaseous 
body  divide  the  weight  by  the  calculated  wei^t  of  one  liter.  The 
result  is  the  volume  in  liters. 

Examples  fok  Practice. 

1.  How  much  FeS04  can  be  made  from  one  kilogram  of  iron? 

2.  How  much  mercuiy  will  be  required  to  make  one  pound  of  calomel 
(Hg,Cy? 

3.  Calculate  the  percentage  of  each  element  in  the  following:  KBr,  KI,  HgCly 

Fe,CV 

4.  How  much  silver  nitrate  can  be  obtained  from  xoo  grams  of  silver? 

5.  What  is  the  volume  of  one  kilogram  of  CO,  under  standard  conditions  ? 

6.  Calculate  the  weight  of  one  liter  of  chlorine. 

7.  How  much  bismuth  will  be  necessary  to  prepare  one  kilogram  of  subnitrate  ? 

8.  Calculate  the  percentage  composition  of  C^H^O,. 

9.  What  quantity  of  sodium  carbonate  will  be  required  to  neutralize  five  ex. 
of  a  ten  per  cent.  HCl? 

3HCI  +  Na,CO,  -  2NaCl  +  H,0  +  CO^ 

10.  What  weight  and  what  volume  of  CO,  will  be  given  off  in  the  above 
reaction? 

11.  Assuming  that  air  contains  twenty  per  cent,  bv  volume  of  oxygen,  what 
volume  of  air  will  be  required  to  bum  one  gram  of  marsh-gas  (CHJ  ? 

CH4  +  aO,  -  CO,  +  aH,0. 

12.  What  weight  of  NaOH  will  neutralize  i  gram  of  HCl  ? 

13.  Calculate  the  gram  molecule  of  H,S04.    (See  p.  62.) 
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14.  How  much  zinc  will  be  required  to  prepare  enough  hjrdrogen  to  fill  a 
balloon  holding  500  liters  ? 

Zn  +  H^SO^  -  ZnSO^  +  H^ 

15.  Calculate  the  volume  of  oxygen  and  hydrogen  in  i  c.c.  of  water  (H,0). 

16.  What  volume  of  oxygen  will  be  reouired  to  bum  5  c.c.  of  benzene?    (Sp. 
gr.  of  benzene  —  0.884.    Formula  —  CeH,.) 

aCJH,  +  isO,  -  12CO,  +  6H,0. 


PART  III. 


INORGANIC  CHEMISTRY. 

Classification  of  the  Elements.— For  convenience  of  study, 
some  S3rstem  of  classification  of  the  elements  is  necessary.  Many 
systems  of  classification  have  been  proposed,  but  all  are  open  to  criti- 
cism; yet,  we  may  adopt  one  of  these  with  the  understanding  that 
the  classification  is  largely  an  arbitrary  one,  and  serves  merely  for 
convenience.  Berzelius  was  the  first  to  divide  the  elements  into  two 
great  classes,  to  which  he  gave  the  names  metals  and  metalloids. 
The  metals  are  those  elements  which  possess  more  or  less  luster  and 
opacity,  readily  conduct  heat  and  electrcitiy,  and  are  electro- 
positive in  combinations. 

The  non-metals,  or  metalloids,  are  such  as  are  gaseous;  or,  if  solid, 
have  no  luster,  ductility,  or  malleability;  are  poor  conductors  of  heat 
and  electricity,  and  are  electronegative  in  combinations. 

This  division,  while  it  serves  a  general  purpose,  is  not  capable  of  exact  appli- 
cation; for  there  are  a  number  of  the  elements  which  are  positiye  in  one  com- 
bination and  negative  in  another.  Iodine  and  arsenic,  which  most  chemists 
regard  as  metalloids,  have  a  decided  luster,  and  the  latter  forms  alloys  by  fusion 
with  the  metals;  indeed,  there  is  no  line  of  demarcation  between  these  two  classes 
which  can  be  r^arded  as  fixed. 

Some  classification  is  necessary  which  is  not  based  upon  the  physical  proper- 
ties alone,  but  upon  their  chemical  properties :  a  classification  which  brings  together 
those  elements  which  have  similar  chemical  properties  and  similar  compounds 
with  other  elements,  thus  enabling  the  student  better  to  associate  the  facts  of  each 
in  his  mind. 

There  are  two  important  chemical  characters  upon  which  most  attempts  at 
classification  of  the  elements  into  groups  have  been  based — viz.,  valence  ana  elec- 
trical polarity  of  the  atoms.  By  a  consideration  of  both  of  these  properties,  the 
elements  may  be  gpxmped  so  as  to  bring  similar  elements  together. 

The  behavior  of  tne  oxides  of  the  elements  with  water  may  be  taken  as  an 
index  of  their  polarity.  Electronegatives  dissolve  in  water  and  form  acids,  while 
electropositives  form  bases,  and  some,  again,  play  a  neutral  or  double  rdle. 

MendelejefF's  Classification  of  the  Elements.— The  most 
successful  attempt  to  find  a  natural  system  of  classification  of  the 
elements  is  the  one  first  proposed  by  Newlands  and  afterward  de- 
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veloped  by  Mendelejeff,  and  is  the  only  natural  one  in  use.  It  is 
based  upon  the  atomic  weights,  and  is  sometimes  known  as  the 
periodic  law.  If  a  list  of  the  elements  be  made,  arranging  them  in 
the  order  of  their  atomic  weights,  from  the  lowest  to  the  highest,  the 
first  seven  (after  hydrogen)  will  be  found  to  be  representative  of  seven 
groups  of  similar  elements.  (See  table,  p.  loi.)  Let  each  of  these 
seven  elements  head  a  colunm,  and  arrange  the  rest  under  them  in  the 
order  of  their  atomic  weights,  in  series  from  left  to  right.  We  notice 
that  those  elements  resembling  one  another  in  their  chemical  proper- 
ties will  be  found  together  in  the  vertical  columns.  It  will  be  noticed 
that  the  metals  are  near  the  bottom  of  the  table,  while  the  non-metals 
are  at  the  top.  In  Mendelejefif's  original  table  th^re  are  seven 
vertical  columns,  which  are  called  the  seven  groups.  There  are  twelve 
lateral  rows,  which  are  called  series,  or  small  penods.  If  these  lateral 
rows  or  series  be  numbered,  it  will  be  noticed  that  the  members  of 
the  alternate  numbered  series  of  a  given  period  resemble  one  another 
more  nearly  than  the  adjoining  numbered  ones. 

Thus,  in  the  first  sroup:  U  —  7,  K  —  39,  Rb  —  85,  Cs  —  133,  resonUe  one 
another  more  nearly  than  Na,  Cu,  Ag,  Au.  It  will  be  noticed  that  hydrogen  is 
arranged  in  the  first  period  as  the  only  one  of  that  period.  The  table  is  imperfect 
in  some  cases,  but  in  the  main  it  brings  together  elements  which  form  well-oefined 
natural  groups.  As  an  example  of  such  a  group,  take  Nos.  2,  3,  5,  and  7  of  Group 
VII.  With  the  increase  of  atomic  weight  they  increase  in  specific  gravity  and 
consistency:  Of  the  group,  fluorine  is  strongly  electronegative,  while  chlorine, 
bromine,  and  iodine  grow  less  negative  as  the  atomic  weight  increases.  They  all 
form  add  hydrides  containing  one  atom  of  basic  hydroeen.  They  all  possess  a 
peculiar  and  somewhat  similar  pungent  odor.  They  all  have  the  leading  valence 
of  one,  while  the  last  three  have  a  higher  valence  in  certain  oxygen  compounds. 

While  there  are  certain  striking  groups  brought  togeUier  by  this  arrangement, 
there  are  some  irregularities.  Thus,  there  is  no  series  in  which  hydrogen  finds 
a  place.  In  making  this  element  a  period  by  itself,  the  last  four  members  of  the 
second  period,  C,  N,  O,  and  F,  are  made  even-numbered,  which  removes  Aera 
from  the  others  of  the  same  group  which  they  most  nearly  resemble.  Even  with 
these  imperfections  the  table  is  an  attempt  to  classify  the  elements  upon  some 
natiu-al  basis,  and  has  enabled  its  author  to  predict  the  discovery  of  at  least  three 
new  elements, — viz.,  gallium,  scandium,  and  germanium, — and  describe  their 
properties,  years  before  they  were  discovered.  This  he  was  led  to  do  from  the 
vacant  places  in  the  table. 

As  hydrogen  stands  alone  in  the  table,  we  shall  study  it  first.  Argon, 
helium,  neon,  krypton,  and  xenon,  the  new  elements  found  in  the 
atmosphere,  form  a  group  by  themselves,  which  is  named  the  zero  group. 
It  will  be  convenient  to  retain  the  classification  into  metals  and  non- 
metals.  The  non-metals  will  be  studied  first,  beginning  with  those 
of  the  seventh  group,  and  taking  the  odd-numbered  series  below  the 
second.    The  order  in  which  the  elements  will  be  studied  is  the  fol- 
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lowing,  with  the  omission  of  those  whose  symbols  are  in  italics,  as 
being  of  little  interest  to  the  medical  student: 

NON-METALUC  ELEMENTS,   OR  OdD  SeUSS. 

H.  He.  A.  Kr.    Nc 

Seventh  Group, F.  CI.  Br.  I. 

Sixth  "      O.  S.  Se.  Te. 

Fifth  "      N.  P.  As.  Sb.     BL 

Fourth        "      C.  SL  Ce.  Sn.*  Pb-* 

Metals. 

F,w      r ......  /Li-   Na.    K.      Rb.    Cs. 

First      Group, icu.  Ag.    Au. 


Mg.Zn.     Cd.    Hg. 
B.f  Se,      YL     La,     Yb. 


Second  "  {P-    Ca.    Sr.  Ba. 

'^^  "  {V.Ga.    In,  E.      TL 

Fourth  "  Ti.  Zr.     Ce,  Th. 

Fifth  "  V.    Nh.   Di,  Ta. 

Sixth  "  Cr.  Mo.   W.  U, 

Seventh  "  Mn. 

Eighth  "  Fe.  Co.  Ni.  Ru.  Rh.  Pd.  Os.  It.  PL 


GROUP  !• 


HYDROGEN. 

Symbol  JB.  Atomic  Wei^t,  1.008.    Molecular  Weighty  a.oi  6.  Dentitj^i. 
Weight  of  one  liter  *-  i  crith  *-  0.0899  gram.    Valence,  I. 

z  grain  «-  46.7  cu.  in.  at  60^  F.  and  30  in.  barometer. 

I  gram  —  11. 16  liters  at  o**  C.  and  760  mm.  barometric  pressure. 

Occurrence. — It  was  discovered  in  1766  by  Cavendish.  Hydrogen 
occurs  in  a  free  state  in  the  atmosphere  (2  parts  to  10,000),  in  the 
gases  from  volcanoes,  fumeroles  of  Iceland  and  Tuscany,  and  in  the 
atmosphere  of  the  sun,  and  occluded  in  meteorites  and  in  the  mineral 
camaUite;  in  combination,  it  exists  in  water,  and  in  most  organic 
substances  of  both  animal  and  vegetable  origin.  It  is  a  necessary 
constituent  of  all  adds,  bases,  and  ammoniacal  compounds. 

*  These  elements,  although  classed  in  the  series  with  non-metals,  are  generally 
regarded  as  metals, 
t  Non-metal. 
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Preparation. — ^Hydrogen  may  be  prepared : 

First. — By  the  decomposition  of  acidulated  water  by  a  strong 
electrical  current,  which  splits  the  water  into  hydrogen  and  oxygen, 
the  former  i^pearing  at  the  negative  and  the  latter  at  the  positive 
electrode. 

Second. — By  decomposing  water  by  certain  metals.  When  sodium 
or  potassium  is  used,  the  decomposition  takes  place  in  the  cold;  but 
with  iron  and  some  other  metals,  at  a  red  heat. 


Na,  +  2hJ>  -  aNaAo  + 


xFe^  +  8H,6  -  2Fc,04  +  SB^ 


Third. — By  the  decomposition  of  the  mineral  adds  with  some 
metal,  as  zinc,  iron,,  or  magnesium.  In  this  case  the  metal  takes 
the  place  of  hydrogen,  which  is  crowded  out  of  the  add  molecule. 

Zn  +  H^O^  -  ZnSO^  +  H, 

65  grams  of  zinc  give  a  grains  *-  22.31  liters  of  hydrogen. 

Water  is  added  to  dissolve  the  zinc  sulphate  formed,  and  to  prevent  it  from 
qystalKring  on  the  surface  of  the  zinc.  Chemically  pure  zinc,  however^  will  not 
dissolve  in  very  dilute  add,  unless  it  be  made  one  pole  of  a  galvanic  couple. 

This  method  is  the  one  usually  employed  for  the  preparation  of  h3rdrogen  in 
the  laboratory.  The  apparatus  is  shown  in  figure  45.  The  gas  prepared  from 
commercial  zinc  and  add  is  not  pure,  however,  as  it  contains  other  gases  derived 
from  impurities  in  the  materials  used.  Pure  hydrogen  in  small  quantities  may  be 
prepared  by  the  first  method,  or  by  decomposing  water  with  an  alloy  of  somum 
and  merctiry — sodium  amalgam. 

Physical  Properties. — ^When  pure,  at  ordinary  temperatures  and 
pressures,  hydrogen  is  a  colorless,  transparent,  odorless,  tastdess  gas. 
It  IS  14}  times  lifter  than  air,  being  the  lightest  gas  known. 

One  liter  of  it  at  o®  C.  ( — 32**  F.)  and  760  nmi.  pressure,  weighs 
0.0899  gm.  =*  the  crith.  Its  specific  gravity  (air  =  i)  is  0.0695.  One 
liter  of  hydrogen  has  an  ascensional  power  of  1.2  grams.  It  is  almost 
insoluble  in  alcohol,  and  at  a  temperature  of  — 240**  C.  ( — 408°  F.), 
and  under  a  pressure  of  650  atmospheres,  it  has  been  condensed  mo- 
mentarily to  a  steel-blue  liquid  by  the  cold  produced  by  its  own  ex- 
pansion.   Its  boiling  point  has  been  stated  to  be — 253^0.    (—422®  F.) 
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and  its  critical  temperature  — 233®  C.  (—387.5**  F.).  Under  a  pressure 
of  650  atmospheres  and  at  a  temperature  of  — 233®  C.  it  is  condensed 
to  a  transparent  liquid.  The  evaporation  of  l]bis. liquid  produces  a 
temperature  of  — 260®  C,  but  about  13®  C.  above  the  absolute  zero. 
(See  p.  II.)  It  is  the  best  conductor  of  electricity  and  heat  among 
the  gases.  It  is  very  diffusible,  and  a  vessel  to  contain  it  must  be 
made  of  glass  or  some  very  compact  material.  Certain  metals  absorb 
large  quantities  of  it.  Palladium  will  absorb  900  times  its  volume 
of  the  gas;  spongy  platinum,  sodium,  potassium,  and  iron  also  absorb 
considerable  quantities  of  it.  This  action  of  the  metals  is  called  oc- 
clusion. During  the  condensation  of  the  gas  in  the  pores  of  the 
metal,  the  latter  expands  and  is  heated  to  a  considerable  degree.    A 


FlG.  45* — ^Pekpaiation  of  Hydiogbm. 

jet  of  hydrogen  may  be  ignited  by  directing  it  upon  a  ball  of  finely 
divided  platinum,  or  a  ball  of  asbestos,  which  has  been  dipped  into 
a  solution  of  platinum  chloride  and  heated  in  the  flame  of  a  lamp. 

Chemical  Properties. — ^Under  ordinary  conditions,  hydrogen 
has  little  tendency  to  unite  with  the  other  elements,  chlorine  being 
the  only  one.  with  which  it  combines  directly,  and  then  only  under 
the  influence  of  light.  At  higher  temperatures  it  unites  with  oxygen, 
and  is,  therefore,  readily  combustible  in  the  air,  burning  with  a  bluish 
and  very  hot  flame.  The  product  of  the  combustion  is  watery  vapor, 
as  may  be  shown  by  inverting  a  jar  over  the  burning  jet  and  collecting 
the  drops  of  water.  A  given  weight  of  hydrogen  produces  more  heat 
in  burning  than  any  other  known  combustible.  It  wOI  not  maintain 
animal  respiration,  but  is  not  poisonous.    A  lighted  candle  is  extin* 
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guished  on  being  thrust  into  it,  while  the  gas  burns  at  the  open 
mouth  of  the  jar.  On  withdrawing  the  candk  it  relights.  (See  Fig. 
46.)  If  hydrogen  and  oxygen  be  mixed  together  and  a  lighted  taper 
applied  to  them,  an  explosion  takes  place.  The  hydrogen  combines 
with  one-half  its  volimie  of  oxygen.  In  other 
words,  when  these  gases  combine  they  do  so 
only  in  the  one  proportion.  This  law  holds  good 
widi  all  chemical  combinations,  and  is  known 
as  the  law  of  definite  proportions.  Hydro- 
gen has  so  great  a  tendency  to  unite  with 
oxygen,  at  hi^  temperatures,  that  it  will  take 
it  from  many  metallic  oxides,  and  leave  the 
metal  in  the  free  state. 

This  process  is  called  reduction  or  deoxi- 
dation.  It  is  by  this  process  that  the  reduced 
iron  or  ferrum  reductum  of  pharmacy  is 
produced. 

The  Nascent  State.—Hydroffen  will  unite  quite 
readily  with  some  elements  which  it  ordinarily  does 
not  affect,  if  they  be  put  into  the  flask  where  the  hydro- 
gen is  generating.  Arsenic  and  antimony  compounds,  for  example,  are  split  up,  and 
these  elements  unite  with  the  hydroeen.  Many  oxides  are  reduced,  and  chlorine 
is  removed  from  some  chlorides,  under  these  circumstances.  The  greater  energy 
of  the  hydrogen,  in  these  cases,  is  explained  by  the  supposition  that  at  the  moment 
of  liberation  of  the  hydrogen  ions,  and  before  they  have  combined  into  molecules, 
they  are  ready  to  take  up  with  any  atom  with  which  they  may  come  in  contact. 
They  are  stronger  in  their  affinities,  before  combining  with  a  neighboring  hydro- 
gen atom,  by  just  the  force  it  will  take  to  dissociate  the  hydrogen  molecule  into 
hydrogen  ions  when  once  formed.  This  condition  of  an  element  is  known  as  the 
nascent  state  (from  nascerey  to  be  born).  When  any  chemical  action  takes  place 
between  molecules,  there  is  a  considerable  expenditure  of  force  required  to  break 
up  the  combinations  already  formed,  before  new  ones  can  be  formed;  and  when 
these  combinations  do  not  exist,  the  new  combinations  take  place  with  ease. 

Hydrogen  is  one  of  the  constituents  of  the  gases  of  the  stomach 
and  intestines,  and  is  frequently  found  in  the  gases  exhaled  from  the 
hmgs.    Its  physiological  properties,  if  any,  are  slight. 

In  its  chemical  properties  hydrogen  resembles  the  metals  more 
than  the  metalloids,  usually  playing  the  positive  r61e,  and  forming 
salts  in  which  it  occupies  the  place  of  metallic  atoms  in  similar  com- 
pounds. It  is  easily  substituted  for  or  displaced  by  them.  On  this 
ground,  the  acids  are  regarded  as  salts  of  hydrogen.  It  is  very  prob- 
able that  hydrogen  forms  an  alloy  with  palladium,  having  the  com- 
position PdH^ 

Uses. — ^The  uses  of  hydrogen  are  limited.  Owing  to  its  lightness, 
it  is  sometimes  used  to  fiU  balloons.    The  ascensional  power,  or  the 
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lifting  powa:,  of  one  liter  of  hydrogen  is  1.2033  gms.,  and  is  found  by- 
deducting  the  weight  of  one  liter,  ox>899  gm.,  from  tfie  weight  of  one 
liter  of  air,  1.293a  gm.  The  lifting  power  of  one  cubic  foot  is  about 
525  grs.,  or  I  oimce  and  55  grs.  Hydrogen  is  also  used  with  oxygen 
in  the  oxyhydrogen  blowpipe  (Drummond  light).  In  the  laboratory 
it  is  used  as  a  reducing  agent,  especially  in  the  nascent  state. 

HELIUM. 

He-=  4. 

MoLWt.»4.   Denaityya. 

Helium  is  a  gaseous  element  found  in  very  small  quantity  in  the  air,  in  larger 
quantities  occluded  in  certain  minerals  often  with  hydrogen,  especially  in  devrnte 
and  brtfggerite*  It  also  occurs  in  the  ^ises  of  certain  springs.  The  spectroscope 
shows  it  to  occur  in  large  quantities  in  ttie  sun  and  certain  fixed  stars.  It  was  dis- 
covered in  the  stars  before  it  was  found  on  the  earth,  by  means  of  its  Une  near 
the  D  line  of  the  spectrum  and  called  the  D,  line. 

Properties. — ^Helium  is  a  transparent,  colorless  gas,  which  has  been  condensed 
to  a  oolbrless  transparent  liquid,  having  a  sp.  gr.  of  0.15,  andlwiling  at  4.5^  absolute  - 
temperature.    It  forms  no  compounds  so  far  as  known. 

ARGON. 

A  =  40. 

Mol.  Wt.,  40.    Density,  I9-96. 

This  element  was  discovered  in  the  atmosphere  in  1894  by  Lord  Rayleigh 
and  Professor  Ramsay.  The  method  of  separation  employed  by  them  was  to  pass 
atmospheric  air  through  a  tube  containing  copper  turnings  heated  to  redness,  to 
remove  ozy^n;  then  through  another  tube  containing  magnesium  heated  to  redness, 
to  remove  mtrogen.  The  residual  gas  was  then  passed  over  heated  copper,  copper 
oxide,  and  finally  over  heated  magnesium  again.  This  was  repeated  until  the  gas 
ceased  to  give  up  any  more  nitrogen  to  the  magnesium,  which  usually  required 
about  two  days.  The  amount  of  argon  found  in  the  air  was  a  little  less  than  one 
per  cent.    Whether  this  is  constant  in  air  at  different  places  can  not  be  stated. 

Properties. — The  element  is  a  colorless,  transparent,  odorless,  tasteless,  inert 
gas,  having  a  density  of  19.96.    Its  molecular  weight  is  therefore  about  40. 

At  atmospheric  pressure  it  liquefies  at  — 186.9®  C.  ( — 304.5®  F.)  to  a  colorless 
liquid  having  a  sp.  gr.  of  1.5.  At  about  — 190®  C.  ( — ^311.3®  F.)  it  freezes  to  an  ice- 
like solid.  It  is  soluble  in  water — to  the  extent  of  4.05  volumes  in  100  volumes — 
at  14®  C.  (57.2®  F.),  being  two  and  a  half  times  more  soluble  than  nitrogen  and  of 
about  the  same  solubility  as  oxygen.  Of  its  chemical  properties  nothing  can  be 
said,  as  all  attempts  thus  far  have  failed  to  cause  it  to  combine  with  any  ouier  sub- 
stance. 

The  molecule  is  monatomic,  and  therefore  the  atomic  weight  is  40. 

There  are  no  compounds  of  argon  known.  Ramsay  and  Travers  have  discov- 
ered three  other  elements  in  the  atmosphere,  which  they  name  krypton,  neon,  and 
xenon.  These  ^ases  have  properties  similar  to  those  of  helium  and  argon,  and 
occur  in  the  air  in  very  minute  quantity.  About  one  per  cent,  of  the  atmosphere 
is  composed  of  argon  and  the  other  new  gases. 
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NON-METALLIC  ELEMENTS  OF  GROUP  VIL 
(Chlorine  Gsoup,  or  Halogens.) 


Stvbol. 

Atomic  Whoht. 

Stats. 

Fluorine, 

F. 

19. 

gu. 

Chlorine, 

CI. 

35-45 

solid. 

Bromine, 
Iodine, 

Br. 
L 

i2:g 

The  elements  of  this  group  are  electronegative,  fluorine  being  most 
negative  and  iodine  least  so.  They  have  a  characteristic,  pungent 
odor,  and  act  as  disinfectants  and  bleaching  ageflts.  They  enter  into 
direct  union  with  hydrogen  and  many  of  the  metals  to  form  binary 
compounds.  Their  affinities  for  hydrogen  decrease  as  the  atomic 
weight  increases,  while  the  affinity  for  oxygen  increases  with  the  atomic 
wei^t  The  lower  members  set  free  the  hi^er  members  from  their 
hycbogen  or  binary  metallic  compounds,  while  the  hi^er  members 
replace  the  lower  in  their  oxygen  compounds.  Their  compounds 
with  hydrogen  have  weU-marked  add  properties.  They  have  little 
affinity  for  oxygen,  but  form  several  oxacids  and  salts,  all  of  which 
are  rather  unstable.    They  form  the  following  compounds  : 

HF.         —  —  —  —  —  —  — 

HCL        C1,0       aO,         —         HCIO     HCIO,    HCIO,    HCIO^. 
HBr.         —  —  —  HBrO       —         HBrO,    HBrO.. 

HL        —        —       1,0,      mo     mo,    mo,    mo,. 


FLUORINE. 

(FLUORIN.) 

F=XQ. 

Density,  19.    Specific  Gravity,  1.3.    Valence,  I. 

Source. — ^The  sources  of  fluorine  compounds  are  native  fluor-spar 
(calcium  fluoride)  and  cryolite — a  sodium  and  aluminum  fluoride. 

Preparation. — By  decomi>osing  pure,  dry  hydrofluoric  acid  in  a 
U-tube  composed  of  platinum,  by  means  of  a  strong  electrical  current 
from  twenty  or  more  Bunsen  cells.  The  hydrofluoric  acid  must  be 
prepared  with  care,  and  must  be  free  from  water.  As  hydrofluoric 
add  is  a  non-conductor,  a  small  quantity  of  potassium  hydrogen  flu- 
oride is  dissolved  in  it  to  increase  its  conductivity.  The  apparatus  is 
cooled  to  — 23®  C.  ( — 9.4®  F.)  during  the  process.  The  fluorine  is  lib- 
erated at  the  positive  pole  as  a  greenish  yellow,  transparent,  pungent 
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gas,  having  the  properties  similar  to  chlorine,  but  much  more  active. 
Silicon,  boron,  arsenic,  antimony,  sulphur,  and  iodine  take  fire  in  it. 
It  instantly  decomposes  cold  water,  forming  hydrogen  fluoride,  HF, 
and  sets  free  the  oxygen  as  ozone.  It  forms  no  oxide  even  at  500^  C. 
(932^  F.)  or  when  mixed  with  liquid  oxygen.  Most  oiganic  bodies 
are  attacked  by  it,  the  hydrogen  being  removed,  but  the  carbon  re- 
maining unattacked.  It  combines  with  hydrogen  with  an  explosion, 
even  in  the  dark.  Alcohol,  ether,  benzene,  turpentine,  and  petroleum 
take  fire  on  being  brought  in  contact  with  it.  It  attacks  the  metals 
slowly,  in  bulk,  but  rapidly  when  in  powder.  Owing  to  the  action 
of  fluorine  on  most  of  the  met^  and  glass,  it  can  only  be  prepared 
in  vessels  of  platinum.or  fluor-spar.  Perfectly  pure,  dry  fluorine  attacks 
glass  but  very  slowly,  and  it  has  been  found  possible  to  collect  it  in 
glass  vessels. 

Hydrogen  Fluoride,  Hydrofluoric  Acid. — ^HF.  This  add  is 
obtained  by  the  action  of  sulphuric  acid  upon  powdered  fluor-spar, 
with  the  aid  of  a  gentle  heat 

CaF,  +  H^^  -  CaSO^  +  aHF. 

The  operation  is  usually  conducted  in  a  lead  or  platinum  vessel, 
as  the  add  attacks  glass  and  most  metals.  The  add  is  a  colorless, 
transparent  liquid,  boiling  at  19®  C.  (67**  F.)  and  solidifying  at  — 1.02® 
C.  (30*^  F.).  It  fumes  strongly  in  the  air,  giving  off  a  pungent  odor, 
very  irritating  to  the  skin  and  mucous  membranes.  It  is  readily 
soluble  in  water,  forming  a  colorless,  highly  add,  and  corrosive  liquid 
with  a  pungent  odor.  Care  must  be  taken  in  using  it  not  to  allow 
it  to  come  in  contact  with  the  skin,  as  it  produces  a  psunful  ulcer,  which 
heals  with  difficulty,  and  also  constitutional  s3rmptoms  of  considerable 
severity. 

The  sp.  gr.  of  the  liquid  is  0.985  at  12®  C.  (53.6**  F.).  The  most 
characteristic  property  of  hydrofluoric  add  is  its  power  of  dissolving 
glass  by  removing  its  silicon.  This  property  is  utilized  for  etching 
glass. 

The  article  to  be  etched  is  first  coated  with  a  thin  layer  of  melted  wax  or  paraffin, 
and  the  characters  are  then  scratched  through  the  wax  with  a  steel  point,  so  as  to 
expose  the  glass  where  the  etching  is  to  take  place.  If  the  liquid  is  to  be  used,  a 
wall  of  wax  is  built  up  around  the  characters  and  the  liquid  is  poured  into  the  in- 
closure.  The  characters  thus  etched  are  transparent  It  is  more  common  to 
invert  the  glass,  wax  downward,  upon  a  leaden  dish  containing  the  fluor-spar  and 
sulphuric  acid,  and  expose  it  to  the  fumes  until  the  etching  is  as  deep  as  desired. 
The  etchings  in  this  case  are  opaque,  presenting  the  appearance  of  ground  glass, 
and  are  more  easily  seen.    Fluorine  forms  no  oxides. 
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CHLORINE. 

(CHLORIN.) 
CI  =  355. 

I>eiiiity»  35*5*    Specific  GimYit7,a.47.    Valence,  I»  m,  V,  or  VIL 

Occurrence. — Chlorine  always  occurs  in  combination  in  nature. 
The  chlorides  of  sodium,  potassium,  magnesium,  and  calcium  occur  in 
salt-springs.     Usual  source,  sodium  chloride,  or  common  salt. 

Preparation. — By  the  action  of  warm  sulphuric  acid  upon  sodium 
chloride,  in  the  presence  of  manganic  oxide,  contained  in  a  flask,  as 
represented  in  figure  47. 


Fio.  47. 
aHjSO^  +  MnO,  +  iNaCl  -  Na^O^  +  MnSO^  +  2H,0  +  CI,. 
Or,  by  acting  upon  manganic  oxide  with  hydrochloric  acid: 
4HCI  4-  MnO,  -  MnCl,  +  2H,0  +  CI,. 

For  a  slow,  continuous  evolution  of  chlorine,  moistened  chlorinated 
lime  may  be  exposed  to  the  air.  The  calcium  hypochlorite  contained 
in  this  is  decomposed  by  the  carbon  dioxide  of  the  air,  and  chlorine 
is  set  free.  For  a  more  rapid  evolution,  we  may  use  the  same  salt 
with  a  diluted  add.    It  may  be  collected  over  warm  water. 
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Physical  Properties. — At  ordinary  temperatures  chlorine  is  a 
greenish-yellow,  pungent,  suffocating  gas.  It  is  irrespirable,  causing, 
when  breathed,  inflammation  of  the  air  passages.  It  is  nearly  two 
and  a  half  times  heavier  than  air;  it  is  soluble  in  water,  one  volume 
of  water  dissolving  nearly  three  volumes  of  the  gas  at  lo®  C.  (50*^  F.). 
The  solution  (liquor  chlori  compositus,  U.  S.  P.)  is  made  by  adding  « 
dilute  hydrochloric  add  to  potassium  chlorate  and  then  adding  water, 
and  contains  0.4  per  cent,  by  weight  of  the  gas,  with  some  oxides  of 
chlorine  and  potassium  chloride.  It  is  a  greenish-yellow  liquid,  pos- 
sessing the  properties  of  the  gas,  but  slowly  changing,  in  the  Ught,  into 
hydrochloric  acid.  Chlorine  water  should  be  freshly  made  when 
wanted.  The  CI  slowly  unites  with  the  H  of  the  water,  forming  HCl, 
and  setting  O  free.  When  water  is  saturated  with  chlorine  at  0°  C. 
(32**  F.)  crystals  of  the  composition  CI, .  8HjO,  are  deposited  known 
as  chlorine  hydrate.  These  decompose  into  chlorine  and  water  at 
higher  temperatures.  Under  a  pressure  of  eight  atmospheres  at  ordi- 
nary temperatures,  or  a  temperature  of  — 34*^  C.  ( — 29.2®  F.),  the 
gas  is  condensed  to  a  bright  golden-yellow  liquid  and  at  — 102**  C. 
(151. 6**  F.)  it  solidifies  and  crystallizes  into  a  yellow  solid. 

Liquid  chlorine  is  now  an  article  of  commerce.  It  is  transported 
in  lead-lined  iron  cylinders.  It  is  used  in  the  extraction  of  gold 
from  its  ores.  It  has  a  sp.  gr.  of  1.33  and  boils  at  — 33.6®  C. 
(-29^  F.). 

Chemical  Properties.— The  affinities  of  chlorine  are  very  strong 
and  extensive.  It  is  characterized  by  its  strong  tendency  to  -combine 
with  hydrogen  and  the  metals,  with  which  it  forms  chlorides.  All 
metals,  even  gold  and  platinum,  are  tarnished  by  it.  It  combines 
directly  with  many  elements, — as  finely  divided  copper,  antimony, 
or  arsenic, — with  the  evolution  of  light  and  heat.  Its  attraction  for 
hydrogen  is  so  strong  that  when  a  mixture  of  these  gases  is  exposed 
to  direct  sunlight,  the  light  of  burning  magnesium,  or  the  electric  light, 
they  combine,  with  an  explosion.  It  bums  rapidly  in  an  atmosphere 
of  hydrogen,  forming  gaseous  hydrochloric  acid,  HCl.  It  is  capable 
of  existing  in  two  allotropic  states;  the  one  active  and  the  other 
passive.  The  passive  or  inactive  form  is  the  one  obtained  when  the 
gas  is  prepared  in  the  dark.  When  prepared  in  daylight  it  is  very 
active  in  its  properties.  When  an  element  is  capable  of  existing  in 
two  or  more  forms,  having  different  properties,  these  forms  are  called 
allotropic  conditions;  the  property  is  called  allotropism. 

One  of  the  most  marked  chemical  properties  of  chlorine  is  its  affinity  for  hydro- 
gen. So  great  is  this  affinity  that  many  organic  compounds  are  spontaneously 
decomposed  by  it,  the  chlorine  combining  with  the  hydrogen  of  the  compound  and 
setting  the  carbon  free.    A  paper  wet  with  turpentine  and  plunged  into  a  jar  of 


CHLORINE  AND  HYDROGEN. 


Ill 


chloriDe  takes  fire  and  deposits  the  carbon  as  a  dense,  black  ck>ud,  while  fumes  of 
HCl  fill  the  jar.  The  well-known  bleaching  and  disinfecting  powers  of  chlorine 
are  due  to  its  affinity  for  hydrogen.  Most  ve^table  colors,  when  moist,  are  readily 
discharged  by  chlorine.  The  chlorine  combines  with  the  hydrogen  of  the  water 
and  sets  free  the  oxygen,  which,  in  the  nascent  condition,  is  a  powerful  oxidizer,  and 
decomposes  the  coloring  agent  or  organized  germ,  as  the  case  may  be.  In  some 
cases  the  chlorine  acts  directly  upon  the  organic  matters,  uniting  with  a  portion  of 
their  hydrogen  to  form  HCl,  and  a  portion  of  it  entering  the  molecule  to  take  the 
place  of  the  hydrogen  removed.  Thus,  with  manii  ns,  hydrochloric  add  and 
methyl-chloride  are  produced.    CH^  +  CI,  -  CH,C1  +  HCL 

CHLORIHE  AHD  HTDR06BH. 

Hydrogen    Chloride,    Hydrochloric    Acid,    Muriatic    Acid, 
Acidum  Hydrochloricum   (U.   S.   P.,    Br.).— HCL     Hydrochloric 


Fig.  48.— Piepakation  op  HQ. 

acid  occurs  very  sparingly  in  nature.  It  is  found  in  volcanic  gases 
and  in  the  gastric  juice  of  mammals. 

Preparation.— The  acid  is  usually  prepared  from  sodium  chloride, 
or  common  salt,  by  treatment  with  commercial  sulphuric  acid,  with 
the  aid  of  a  gentle  heat. 

The  process  is  sometimes  conducted  in  a  special  plant,  but  a  large 
quantity  of  the  acid  is  prepared,  as  a  side  product,  in  the  manufacture 
of  sodium  carbonate  by  LebLanc's  process.  The  first  step  in  this 
process  is  to  treat  the  salt  with  sulphuric  acid,  and  thus  convert  it 
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into  sodium  sulphate.    The  acid  set  free  by  this  process  is  collected 
and  sold  as  impure  hydrochloric  or  muriatic  acid. 

H^O^  +  aNaCl  -  2HCI  +  Na,SO,. 
Or— 

H^O^  +  NaCl  -  HNaSO,  +  HCL 

The  acid  may  be  prepared  in  small  quantity  by  the  direct  union  of 
equal  volumes  of  chlorine  and  hydrogen,  under  Uie  influence  of  sun- 
light or  the  electric  spark. 

Properties. — Hydrochloric  add  is  a  colorless,  transparent  gas, 
having  a  pungent,  penetrating  odor,  a  sharp,  sour  taste,  an  add  reac- 
tion, and  produdng  great  irritation  of  any  tissue  with  which  it  comes 
in  contact.  It  is  irrespirable  and  extinguishes  a  flame.  It  is  veiy 
soluble  in  water.  One  volume  of  this  liquid  dissolves  450  volumes 
6f  the  gas  at  15®  C.  (59®  F.).  This  solution  forms  the  ordinary 
muriatic  acid.  The  sp.  gr.  of  the  solution  is  1.21,  and  contains 
about  32  per  cent,  of  HCl.  The  sp.  gr.  of  the  gas  (air  =  i)  is 
1.264;  the  density  (hydrogen  =  i)  is  18.25.  Under  a  pressure  of 
40  atmospheres,  at  lo*'  C.  (50®  F.)  it  condenses  into  a  colorless, 
limpid  liquid,  having  a  sp.  gr.  of  1.27.  A  strong  solution  in  water 
fumes  strongly  in  the  air,  giving  off  a  part  of  tiie  gas.  On  being 
heated  or  mixing  it  with  strong  sulphuric  add  it  gives  off  the  gas 
rapidly.  The  commercial  muriatic  add  is  yellow  in  color,  due  to 
the  presence  of  ferric  chloride.  It  also  contains  other  impurities,  and 
is  used  only  for  manufacturing  purposes. 

The  composition  of  the  add  may  be  determined  by  means  of  the  apparatus 
shown  in  figure  52,  page  1 25.  The  apparatus  is  filled  with  the  strongest  commercial 
acid,  mixed  with  ten  volumes  of  a  saturated  solution  of  common  salt,  NaCl.  The 
binding-p>06ts  are  connected  with  a  battery  of  two  Bunsen  cups.  The  chlorine  sep- 
arates at  the  positive  pole,  and  the  hydroeen  at  the  negative  pole.  The  volumes  of 
the  two  gases  are  equal.  By  the  use  of  the  apparatus  shown  in  figure  53,  we  may 
arrive  at  the  same  result  by  synthesis.  We  introduce,  through  the  stopcock  at  the 
top  of  the  apparatus,  equal  volumes  of  hydrofl;en  and  chlorine.  By  opening  the 
stopcock  below,  we  draw  o£F  the  mercury  until  the  height  of  the  column  is  the  same 
in  both  limbs.  On  passing  a  series  of  sparks  from  an  induction  coil  (Fig.  34) 
through  the  mixed  gases,  they  combine,  with  an  explosion.  No  contraction  is  ob- 
served. No  excess  of  either  gas  is  left,  but  a  new  gas  has  taken  their  place — viz.» 
hydrochloric  acid.    (See  p.  74.) 

Acidum  hydrochloricum  (U.  S.  P.,  Br.)  is  a  colorless,  fuming 
liquid,  having  a  pungent  odor  and  an  intensely  add  taste.  Its  sp.  gr. 
is  1.158  at  25**  C.  (77*^  F.),  and  it  contains  31.9  per  cent,  of  absolute 
hydrochloric  add. 

Acidum  hydrochloricum  dilutum  (U.  S.  P.,  Br.)  is  made  by 
diluting  the  stronger  acid  with  water.  (Strong  add,  100  parts;  dis- 
tilled water,  219  parts.)    The  sp.  gr.  is  about  1.049,  <^  contains  about 
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ten  per  cent,  of  HCl.  Pure  hydrochloric  add  should  be  colorless,  and 
when  diluted  with  distilled  water  should  give  no  precipitate  with 
H3S,  NH4OH  in  excess,  or  BaCl,,  and  should  not  dissolve  gold  leaf. 
(Absence  of  HNO,.) 

Tests.— I.  Heated  with  MnO^  it  gives  ofiF  chlorine. 

a.  Added  to  A^O^  it  gives  a  curdy,  white«ppt,  soluble  in  ammonia  water, 
but  insoluble  in  nitnc  acid. 

AgNO,  +  HCl  -  AgCl  +  HNO^ 

3.  Added  to  mercurous  nitrate,  it  gives  a  white  ppt.,  which  is  blackened  by 
ammonia  water. 

H&(NO,),  +  aHCl  -  H&Cl,  +  aHNO,. 
Hg,Cl,  +  aNH^OH  -  NH^foCl  +  NH^Cl  +  aH,0. 

Nitromuriatic  Acid,  Acidtim  Nitrohydrochlorictim  (U.  S.  ?.)•— 
(Aqua  regia.)  This  is  made  by  mixing  180  c.c.  of  nitric  add  with 
820  c.c.  of  hydrochloric  add,  in  a  capadous  glass  vessel,  and  when 
effervescence  has  ceased,  pouring  the  product  into  amber-colored, 
glass-stoppered  bottles. 

The  two  adds  act  chemically  upon  each  other,  forming  chloro- 
nitric  or  chloronitrous  gas  and  chlorine.  The  following  equations 
express  the  reaction  that  probably  occurs: 

HNO,  +  3HCI  -  NOCU  (?)  +  aH,0  +  CL     • 
HNO,  +  3HCI  -         NOCl  +  aH,0  +  Cl^ 

This  add  has  the  power  of  dissolving  gold,  "the  king  of  metals," 
and  hence  its  name,  aqua  regia.  It  is  a  golden  yellow,  fuming,  and 
very  corrosive  add,  smelling  strongly  of  chlorine. 

Acidttm  nitrohydrochloricum  dilatttm  (U.  S*  P.,  Br.)  is  made 
by  mixing  40  c.c  of  nitric  add  with  i8a  cc.  of  hydrochloric  acid, 
and,  when  effervescence  has  ceased,  adding  780  cc.  of  distilled  water 
(Br.,  60  cc.  nitric  and  80  cc  HCl  and  500  c.c.  water). 


BROMINE,  BROMUH  (U.  S.  P.). 

(BROMIN.) 
Br  =  80  (7034). 

Specific  Gimvity,  a.9g  at  15^  C.  {^^  F.).    Density  of  Vapor,  So. 

History  and.  Occurrence. — Discovered  by  Balard  in  sea-salt  in 
1826.  It  never  occurs  native,  but  is  found  combined  with  the  alka- 
line metals  and  magnesium  in  sea-water,  certain  salt  springs,  and  the 
ashes  of  seaweeds.  The  saline  deposits  of  Stassfurt  furnish  a  large 
part  of  the  bromine  of  the  market 
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Preparation. — Sea-water  or  salt  brine,  which  contains  chlorides, 
bromides,  and  iodides  of  K,  Na,  Ca,  and  Mg,  is  evaporated  down,  so 
that  some  of  the  constituent  salts  are  separated  by  crystallization. 

The  evaporation  takes  place  first  in  large  iron  pans,  and,  after 
allowing  the  salts  to  crystallize,  the  mother-liquor  is  fturther  evaporated 
in  a  series  of  wooden  tanks,  five  in  number,  placed  at  different  ele- 
vations, one  above  the  other*  and  heated  by  steam  pipes.  The  liquor 
remains  one  day  in  each  tank,  and  when  it  reaches  the  lowest,  or  fifth 
tank,  it  contains  only  a  few  of  the  more  soluble  salts,  chiefly  bromide 
of  magnesium.  The  crystals  are  removed  from  each  tank  before  the 
liquor  is  drawn  off. 

The  last  mother-liquor  is  called  bittern.  The  bittern  is  treated 
with  chlorine  gas,  which  liberates  the  bromine. 

MgBr,  +  CI,  -  MgCl,  +  Br^ 

It  is  then  shaken  up  with  ether,  which  dissolves  the  bromine  and 
rises  with  it  to  the  surface.  This  is  separated  with  pipettes,  mixed 
with  potassium  hydroxide,  and  evaporated  to  dryness,  leaving  potas- 
sium bromide  and  bromate. 

3Br,  +  6KOH  -  sKBr  +  KBrO,  +  3H,0. 
SKBr  +  KBrO,  4-  heat  -  6KBr  +  3O. 

The  potassium  bromide  is  then  treated  with  manganese  dioxide  and 
sulphuric  acid,  which  liberates  the  bromine  in  a  pure  state. 

aKBr  +  MnO,  +  aH^O^  -  K^O^  +  MnSO^  +  2H,0  +  Br^ 

Physical  Properties. — Bromine  is  a  heavy,  dark  red,  mobile 
liquid,  evolving,  even  at  ordinary  temperatures,  a  yellowish-red  vapor, 
highly  irritating  to  the  eyes  and  lungs,  and  having  a  peculiar,  pungent, 
suffocating  odor,  like  that  of  chlorine. 

It  is  soluble  in  thirty  parts  of  water,  readily  soluble  in  alcohol, 
ether,  carbon  disulphide,  and  chloroform,  imparting  its  color  to  the 
solutions. 

It  is  completely  volatilized  on  exposure  to  air.  It  destroys  the 
color  of  litmus  and  indigo,  and  colors  starch  solution  yellow. 

Chemical  Properties. — ^The  chemical  properties  of  bromine  are 
similar  to  those  of  chlorine,  but  somewhat  feebler.  Bromine  is 
poisonous.  It  may  be  recognized  by  its  color,  odor,  or  by  the  yellow 
or  brown  color  of  its  solution  in  chloroform.  It  gives  a  yellow  or 
orange  color  with  starch  paste.  Bromine  is  an  active  disinfectant,  and 
is  sometimes  used  to  render  water  aseptic.  The  odor  and  taste  are 
objectionable. 
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Hydrogen  Bromide,  Hydrobromic  Acid,  Acidum  Hydro- 
bromicum  Diluttim  (U.  S.  P.,  Br.).— HBr.  Pure  hydrobromic 
add  is  a  colorless  gas  which'  can  be  coixlensed  to  a  liquid  boiling  at 
—64.9'*  C.  (—84.8**  F.)  and  at  —89°  C.  it  forms  a  aystallinc  solid. 
It  is  very  soluble  in  water,  one  volume  of  this  liquid  dissolving  about 
600  volumes  of  the  gas  at  ordinary  temperatures.  A  ten  per  cent, 
solution  is  official.  This  add  may  be  prepared  by  treating  phosphorus, 
immersed  in  cold  water,  with  bromine,  and  distilling  the  resulting 
liquid.  The  bromine  combines  with  the  phosphorus,  forming  PBr^, 
which  is  decomposed  by  the  water  into  phosphoric  and  hydrobromic 
adds. 

PBr,  +  4H,0  -  H,PO,  +  sHBr. 

It  may  also  be  prepared  by  the  action  of  dilute  su^huric  add  (seven 
parts  add  to  one  of  water)  upon  a  hot  solution  of  potassium  bromide. 
(Squibb.) 

2KBr  +  H^O^  -  aHBr  +  K^O^. 

Or  by  distilling  a  mixture  of  strong  phosphoric  add  and  potassium 
bromide  (Br.). 

Another  method  is  to  pass  sulphuretted  hydrogen  throu^  an 
aqueous  solution  of  bromine. 

Br,  +  H^  -  2HBr  +  S. 

Diluted  hydrobromic  add  is  offidal  in  the  U.  S.  P.  and  Br.  It  con- 
tains about  ten  per  cent  of  absolute  hydrobromic  add.  It  is  a  dear, 
colorless  liquid,  having  properties  dosely  resembling  those  of  hydro- 
chloric add.    Its  sp.  gr.  is  1.076  at  25®  C.  (77**  F.). 

The  adds  and  salts  of  bromine  are  analogous  to  the  corresponding 
adds  and  salts  of  chlorine. 

Hydrobromic  is  a  monobasic  add,  and  forms  compounds  called 
bromides. 

Test!  for  Bromides.— i.  With  silver  nitrate  a  vellowish-white  ppt  of  silver 
bromide  is  produced,  which  is  insoluble  in  nitric  add  and  sparingly  soluble  in  am- 
monia water. 

3.  Treated  with  chlorine  water,  the  bromine  is  liberated,  and  may  be  dissolved 
by  shaking  with  chknoform,  ether,  or  carbon  disulphide. 

IODINE,  lODUM  (U.  S.  P.,  Br.). 

aODIN.) 
I  —  la?. 

Spedfic  Oravity,  44m8. 

History  and  Occurrence. — Iodine  was  discovered  by  Coiu^ois 
in  the  ashes  oi  seaweeds  in  1812.    Iodides  occur  in  certain  mineral 
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springs  with  chlorides  and  bromides,  but  in  less  quantities.  It  is 
obtained  mostly  from  the  ashes  of  certain  seaweeds  collected  on  the 
shores  of  Scotland  and  France,  and  from  the  mother-liquor  from  the 
purification  of  Chili  saltpetre. 

Preparation. — The  seaweed  is  first  dried  in  the  sun,  and  then 
burned  in  shallow  excavations,  at  a  low  temperature,  so  as  not  to 
volatilize  the  iodine.  The  ash  (called  "kelp")  is  then  leached  with 
water,  which  dissolves  out  the  salts,  and  the  solution  is  evaporated 
in  open  pans,  so  as  to  separate  the  other  crystallizable  salts.  The 
mother-liquor,  called  "iodine  ley,"  which  still  contains  some  sodium 
carbonate,  hyposulphite  and  sulphide,  is  mixed  with  one-eighth  of  its 
volume  of  sulphuric  acid  and  allowed  to  stand  twenty-four  hours. 

Decomposition  of  the  above-named  salts  takes  place,  with  the 
evolution  of  CO,,  SO,,  and  HjS.  The  liquid,  which  contains  iodine 
as  sodium  iodide,  is  then  put  into  a  retort,  treated  with  manganese 
dioxide  and  some  more  sulphuric  add,  and  distilled.  The  iodine 
distils  over  and  is  condensed  in  suitable  condensers. 

2NaI  -I-  2U^O^  +  MnO,  =  NajSO^  +  MnSO^  +  2H,0  +  I^ 

Iodine  is  a  bluish-black  crystalline  solid,  occurring  in  lustrous 
scales  or  tablets,  which  emit,  even  at  ordinary  temperatures,  a  very 
irritating,  pungent  vapor.  When  heated,  it  melts  at  114°  C. 
(237.2^  F.),  aiKl  is  gradually  dissipated  in  the  form  of  a  beautiful 
violet-colored  vapor,  gf  the  density  of  125.8  at  600®  C.  (1112®  F.)  and 
63.6  at  1500°  C. — i.  «.,  the  molecule  is  I,  at  600®  C,  but  it  is  almost 
entirely  dissociated  at  1500®  C.  It  is  Init  slightly  soluble  in  water, 
but  is  quite  freely  soluble  in  a  solution  of  KI  in  water.  It  is  soluble 
in  alcohol. 

Medical  Uses. — ^It  is  used  externally  as  a  counter-irritant  and 
discutient;  internally  as  an  antizymotic  and  alterative.  In  large  doses 
it  acts  as  an  irritant  poison.  It  is  eliminated  by  the  kidneys,  saliva, 
and  faudal  mucous  membrane,  but  not  by  the  skin.  In  administering 
it,  silver  spoons  should  be  avoided,  as  it  attacks  silver. 

The  following  three  preparations  of  free  iodine  are  official: 

Tinctura  iodi  (U.  S.  P.,  Br.)  is  a  solution  in  alcohol  (70  gm.  I 
and  50  gm.  KI  to  1000  c.c).  When  freshly  made  it  is  precipitated 
from  this  solution  with  water,  but  after  some  time  it  undergoes  dianges 
which  prevent  this.  The  Br.  tincture  contains  25  gm.  iodine  and  25 
gm.  KI  to  1000  c.c.  The  so-called  colorless  tincture  is  made  by 
adding  ammonium  hydroxide  to  the  above  tincture,  in  sufficient  quantity 
to  decolorize  it  by  converting  the  iodine  into  ammonium  iodide. 

Liquor  iodi  compositus  (U.  S.  P.)  (Lugol's  solution)  is  a 
solution  of  iodine  and  potassium  iodide  in  water.    Iodine,  5  gm.;  KI, 
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10  gm.;  distilled  water,  q.  s.  to  make  100  gm.  Liquor  iodi  fortis 
(Br.)  contains  50  gm.  iodine,  30  gm.  KJ,  in  about  400  c.c.  of  alcx>hol.. 
Unguentum  iodi  contains  four  per  cent,  of  iodine,  rubbed  up  with, 
potassium  iodide  and  water  and  mixed  with  lard. 

Hydric  Iodide,  or  Hydriodic  Acid. — HI.  A  solution  of  this 
acid  is  prepared  by  passing  hydric  sulphide  through  water  containing 
iodine  in  suspension,  until  the  free  iodine  disappears,  and  then  filtering 
from  the  precipitated  sulphur. 

I,  +  tt^  -  2HI  +  S. 

The  add,  when  pure,  is  a  colorless  gas,  fuming  in  the  air,  having 
a  penetrating  odor,  resembling  in  most  of  its  properties  those  of  hydro- 
chloric add,  although  less  stable  and  less  active.  Solutions  of  hydri- 
odic add  are  very  prone  to  decomposition,  with  liberation  of  free 
iodine. 

Acidi  hydriodici  dilutum  is  official.  It  is  made  by  mixing  an 
aqueous  solution  of  potassium  iodide  with  an  alcoholic  solution  of 
tartaric  add.  The  mixture  is  cooled  by  ice-water,  the  predpitate 
separated  by  filtration,  and  dissolved  in  diluted  alcohol.  This  solution 
contains  about  ten  per  cent.,  by  weight,  of  absolute  hydriodic  acid. 

The  reaction  which  takes  place  in  the  above  process  is  thus  expressed : 

KI  4-  H,C,H,0^  =  KHC,H,Oe  +  HI. 

Syrupus  acidi  hydriodici  (U.  S.  P.)  is  made  by  diluting  the  above 
with  syrup.    This  syrup  contains  one  per  cent,  of  HI. 

The  iodides  of  potassium,  sodium,  iron,  lead,  mercury,  arsenic, 
ammonium,  and  sulphur  are  used  in  medidne.  The  following  com- 
pounds are  also  known:  ICl,  IC1„  ICI5,  IBr,  IFl^,  and  NI3.  The 
last  is  a  very  expbsive  compound. 

Test  for  Iodine  and  Iodides. — i.  Free  iodine  turns  cold  gelatinized  starch 
blue. 

2.  To  a  solution  containing  free  iodine  add  a  few  drops  of  carbon  disulphide 
and  shake.  The  carbon  disulphide  will  fall  to  the  bottom  of  the  vessel  tinted  with 
a  beautiful  violet  color.    Chloroform  may  be  used  instead  of  the  carbon  disulphide. 

3.  To  a  solution  of  an  iodide  add  a  little  chlorine  water,  and  test  for  free  iodine, 
as  above. 

4.  To  a  solution  of  an  iodide  add  nitrate  of  silver  solution;  a  pale  yellow  pre* 
dpitate  will  form,  which  is  insoluble  in  nitric  add  and  in  ammonia  water. 

5.  Acetate  of  lead  gives  a  yellow  predpitate  of  lead  iodide. 
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GROUP  VI.— NON-METALLIC  ELEMENTS. 

,  O  -  i6  (15.88,  H  -  i).  Selenium,  Se  -    79  (  78.4a,  H  -  i). 

lur,  S  -  3a  (31.83,  H  -  i).  Tellurium,  Te  =  127  (126.52,  H  -  i). 

The  elements  of  this  group  may  be  dyad,  tetrad,  or  hezad,  with 
the  exception  of  oxygen,  which  is  always  dyad.  They  all  combine 
with  hydrogen  in  the  proportion  of  RH,.  With  the  exception  of  H3O 
their  hydrides  have  acid  properties.  Oxygen  is  the  most  electro- 
negative and  tellurium  the  least  so. 


OXYGEN. 

Symbol,  0.  Atomic  Weight,  16.  Molecular  Weight,  33.  Weight  of  i 
liter,  1.43  gm.  16  gm.  -  11.16  liters  under  standard  temperature  and 
pressure. 

Occurrence. — Oxygen  was  discovered  -by  Priestly,  in  England, 
in  1774,  and  at  the  same  time  by  Scheele,  in  Sweden,  independently 
of  each  other.  It  exists  in  the  air,  in  the  free  or  uncombined  state, 
mixed  with  nitrogen  and  small  quantities  of  other  gases.  It  enters 
into  the  composition  of  a  great  variety  of  compound  bodies,  such  as 
minerals,  vegetable  and  animal  bodies.  Water  is  eight-ninths,  sand 
one-half,  and  alumina  one-third  oxygen,  by  weight. 

Preparation. — Oxygen  may  be  prepared: 

First. — By  heating  mercuric  oxide  in  a  retort  or  flask,  when  it 
breaks  up  into  oxygen  and  black  mercurous  oxide;  or,  if  the  tempera- 
ture be  high,  into  oxygen  and  metallic  mercury. 

2HgO  «  2Hg  +  O,. 

Second. — By  heating  black  manganic  oxide  (MnO,)  to  redness, 
in  an  iron  or  clay  retort,  when  it  gives  off  a  part  of  its  oxygen. 

3MnO,  »  MdjO^  4-  Oy 

Third. — By  decomposing  acidulated  water  with  a  current  of 
electricity.  The  oxygen  obtained  in  this  way  is  very  pure,  but  the 
method  is  too  slow  for  ordinary  use. 

Fourth. — ^A  good  method,  and  the  one  most  often  employed,  is 
by  heating  a  mixture  of  potassium  chlorate  and  MnOj. 

2KCIO8  «  2KCI  -f-  3O,. 

The  evolution  of  the  gas  takes  place  more  regularly,  and  at  a  lower  temperature, 
if  the  chlorate  be  mixed  with  ferric  oxide,  cupric  oxide,  or  manganic  dioxide.    In 
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practice,  the  last  is  generally  used,  in  the  proportion  of  one  part  of  the  oxide  to  two 
or  three  parts,  by  weight,  of  the  chlorate.  The  manner  in  which  the  oxide  acts  is 
somewhat  obscure,  for  it  seems  to  undergo  no  change  in  composition,  and  is  found 
to  be  unaltered  in  the  residue  left  in  the  retort 

The  process  may  be  conducted  in  a  round-bottomed  glass  flask,  furnished  with 
a  large-sized  delivery  tube,  provided  that  the  heat  be  carefully  regulated  and  not 
allowed  to  become  too  high.  The  gas  is  collected  in  an  inverted  jar  in  a  pneumatic 
trough.     (See  Fig.  49.) 

One  kilogram  of  the  chlorate  ought  to  yield  about  140  liters,  or  five  cu.  ft.,  of 
oxygen. 

Physical  Properties. — Oxygen,  when  pure,  is,  at  ordinary 
temperatures,  a  colorless,  transparent,  odorless,  tasteless  gas,  slightly 
heavier  than  air.  Its  sp.  gr.  is  1. 10563.  Water  dissolves  three  per 
cent,  of  its  volume,  at  ordinary  temperatures.  Under  a  pressure  of 
300  atmospheres,  and  at  a  temperature  of  — 140®  C.  ( — 220®  F.),  it  con- 
denses to  a  transparent  blue  liquid,  whose  sp.  gr.  is  0.9787  (Pictet). 


FiC.  40- 

Liquid  oxygen  boils  at  — 180®  C.  ( — 299°  F.)  under  atmospheric 
pressure,  and  its  critical  temperature  is  — 118°  C.  ( — 180.4®  F-)- 
(G)mp.  p.  9.)  Every  gas  seems  to  have  a  critical  temperature  pe- 
culiar to  itself.  Oxygen  is  magnetic.  The  magnetism  of  the  at- 
mospheric oxygen  is  equal  to  that  of  a  layer  of  iron  covering  the 
surface  of  the  earth  o.i  mm.  in  thickness. 

Oxygen  forms  oxides  of  all  the  known  elements  except  bromine, 
fluorine,  argon,  helium,  neon,  krypton,  and  xenon.  Its  range  of  affini- 
ties and  its  energy  of  combining  power  are  its  characteristic  chemical 
properties.  Most  elements  combine  directly  with  it,  especially  at 
high  temperatures. 
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Combustion. — When  oxidation  is  accompanied  by  light  and  heat 
it  is  called  combustion.  A  body  is  said  to  be  combustible  when  it 
unites  readily  with  oxygen,  and  emits  light  and  heat  in  so  doing.  A 
combustible  body  usually  requires  to  be  heated  to  a  more  or  less  ele- 
vated temperature  before  it  will  be  acted  upon  by  atmospheric  oxygen; 
but  when  the  process  has  once  begun,  it  is  kept  up  by  the  heat  gen- 
erated in  burning. 

Some  bodies,  not  usually  regarded  as  combustible,  will  burn  when  heated  to  a 
red  heat  and  plunged  into  an  atmosphere  of  pure  oxygen;  for  example,  a  steel  watch- 
spring  or  small  iron  wire,  so  treated,  will  burn  with  great  brilliancy.  Bodies  which 
bum  in  air  with  difficulty,  bum  in  pure  oxygen  with  great  readiness.  Oxjrgen  is 
the  great  supporter  of  combustion,  but  the  action  of  oxygen  and  the  combustible 
body  are  mutual.  A  jet  of  air  may  be  burned  in  a  jar  of  Uluminating  gas  or  hydro- 
gen as  readily  as  these  last  burn  in  the  air.  Oxidation  often  takes  place  slowly, 
and  the  heat  produced,  although  the  same  in  both  cases,  passes  off  into  the  air  or  sur- 
rounding bodies,  so  that  the  temperature  does  not  rise  much  above  that  of  the  air. 
This  is  sometimes  termed  slow  combustion ;  or,  more  commonly,  oxidation. 

Most  ordinary  combustibles  contain  carbon  and  hydrogen,  and  in  burning  they 
produce  carbon  dioxide  and  watery  vapor.  In  case  the  combustible  contains  sul- 
phur, it  becomes  sulphurous  oxide;  if  nitrogen,  it  becomes 
A  either  free  nitrogen  or  ammonia,  according  as  the  oxidation 

is  complete  or  incomplete. 

The  chief  combustibles  used  in  the  production 
of  heat  are  wood,  coal,  petroleym  and  some  of 
the  products  made  from  it,  alcohols,  hydrogen, 
and  the  hydrocarbon  gases,  of  which  natural  gas 
and  coal-gas  are  the  chiefs  In  some  metallurgical 
processes  gases  are  prepared  for  burning  in  spe- 
cially constructed  funiaces. 

In  laboratory  processes  illuminating  gas  is 
employed  for  the  production  of  heat,  and  a 
specially  constructed  burner  is  used,  known  as  a 
Bunsen  burner.     (Fig.  50.) 

Ignition  Point. — The  temperature  to  which  a  substance  mxist  be  raised  in 
order  that  combustion  may  take  place  is  called  its  ignition  point. 

Each  combustible  has  its  own  ignition  temperature.  When  the  temperature  of  a 
flame  is  brought  below  the  ignition  temperature  of  the  burning  gases,  by  pressing  a 
wire  gauze  upon  the  flame,  the  latter  is  extinguished  at  the  plane  of  the  wire  sauze. 
The  unburoed  gases  can  be  ignited  above  the  gauze  with  a  burning  match.  A 
flame  is  produced  by  the  burning  of  gases.  A  substance  will  bum  with  a  flame  only 
when  gases  or  vapors  can  be  produced  by  the  heat  of  the  combustion. 

The  flame  of  a  candle  or  oil  lamp  is  composed  of  three  distinct  portions: 

1 .  An  inner  dark  cone  of  unbumed  vapor  or  gas. 

2.  A  lundnous  envelope  outside  of  the  dark  central  cone. 

3.  An  outer,  faintly  luminous  envelope. 

The  changes  taking  place  at  the  surface  of  the  inner,  dark  cone  are  the  dissocia- 
tion and  partial  combustion  of  the  combustible,  with  the  formation  of  carbon  men- 
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oxide,  CO,  H,0,  and  free  hydrogen.  The  heat  produced  by  the  burning .  part  of 
the  hydrogen  raises  the  carbon  to  its  ignition  point,  which  makes  it  luminous,  and  it 
furnishes  Sie  light  before  it  is  burned  to  CO^  The  free  hydrogen  and  the  CO  burn 
in  the  outer  envelope  and  furnish  the  heat  to  keep  up  the  temperature  of  the  flame 
gases  to  the  ignition  point  The  luminosity  of  a  flame  is  dependent  upon  its  tempera- 
ture, the  density  of  the  flame  gases,  and  the  nature  of  the  solid  matter  in  the  flame. 

The  limiinous  gas  flame  is  essentially  the  same  in  structure  as  the  candle  flame. 

The  non-luminous  gas  flame  is  produced  by  mixing  air  with  the  gas  before  com- 
bustion, although  not  enough  to  furnish  sufficient  oxygen  to  cogipletely  burn  the 
gas.     This  is  the  principle  of  the  Bunsen  burner  (Fig.  50). 

The  gas  enters  at  C  and  air  is  admitted  through  two  openings  at  B,  the  amount  of 
air  being  regulated  by  a  brass  collar  by  which  the  size  of  the  openinfi;s  may  be 
varied.  The  mixed  gases  are  burned  at  A.  The  effect  of  mixing  the  air  with  the 
gas  is  to  increase  the  amount  of  gas  burned  at  the  surface  of  the  dark  cone,  and  the 
almost  complete  and  instantaneous  conversion  of  all  the  carbon  to  CO,  at  this  point. 
The  hydrogen  is  completely  converted  into  H,0.  The  CO  passes  to  the  outer  mar- 
gin of  the  flame  and  there  meets  the  oxygen  of  the  air  and  becomes  CO,. 

The  combustion  is  more  rapid  and  complete  in  this  burner  than  in  the  ordinary 
gas  burner,  in  which  a  very  appreciable  amount  of  carbon  escapes  combustion.  If 
a  cold  surface  be  pressed  down  upon  the  ordinary  luminous  flame  it  receives  a  dep>osit 
of  unbumed  carbon,  while  the  non-luminous  flame  does  not  deposit  carbon  under 
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these  dicumstances.     The  temperature   of    the  non-luminous    flame  is  much 
bi^er  than  that  of  the  ordinary  luminous  flame. 

If  a  small  copper  wire  be  held  horizontally  across  the  flame  of  a  Bunsen  burner, 
it  will  be  noticed  that  it  is  heated  qhiefly  in  the  outer  zone  of  the  flame  and  becomes 
coated  with  oxide  at  this  point,  while  that  portion  of  the  wire  in  the  center  of  the 
flame  remains  bright.  On  moving  the  wire,  to  bring  one  of  the  oxidized  spots  into 
the  inner  zone,  the  oxide  will  be  reduced  and  the  wire  will  become  bright  at  this 
point.  The  outer  zone,  where  oxidation  of  the  copper  wire  takes  place,  is  called  the 
oxidizing  flame,  while  the  inner  zone,  where  unbumed  gases  exist,  is  called  the 
reducing  flame.    Much  use  is  made  of  these  two  flames  in  blowpipe  anal3rsb. 

Uses. — The  uses  of  oxygen  are  numerous.  The  oxygen  taken 
into  the  air-vesicles  of  the  lungs  passes  through  their  thin  walls,  by 
diffusion,  into  the  blood.  There  it  combines  with  the  hemoglobin 
and  oxidases,  and  circulates  with  them  throughout  the  body,  assist- 
ing in  burning  up  the  waste  products  of  the  broken-down  tissues.  It 
is  eliminated  from  the  body  as  carbon  dioxide  and  water. 

One  hundred  volumes  of  arterial  blood  from  a  dog  contain  fifteen 
to  twenty-five  volumes  of  oxygen,  and  this  quantity  varies  with  the 
amount  of  hemoglobin  or  with  the  red  corpuscles  of  the  blood. 
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Oxygen  is  used  in  the  compound  blowpipe,  with  hydrogen  or  illu- 
minating gas,  to  obtain  a  high  temperature  for  workhig  platinum  or 
for  the  production  of  light.  The  gases  are  stored  in  separate  recepta- 
cles under  pressure,  and  are  mixed  in  the  blowpipe  immediately  before 
burning. 

The  construction  of  the  blowpipe  is  shown  in  section  by  figure  51. 

For  the  pi^uction  of  light,  the  flame  is  projected  upon  a  small 
cylinder  cut  from  unslaked  lime.  The  flame  heats  the  lime  to  a  bril- 
liant white  heat,  which  gives  an  intense  light. 

In  the  ordinary  projecting  lantern,  the  light  from  the  heated  lime 
is  thrown  through  a  lens  upon  a  screen.  Objects  or  transparencies 
placed  in  the  Hght  before  the  lens  are  then  observed  upon  the  screen. 
Oxygen,  either  pure  or  mixed  with  nitrogen  or  nitrous  oxide,  and 
condensed  into  cylinders,  has  been  used  with  some  success  in  the 
treatment  of  various  lung  affections.  When  taken  in  this  way  it  acts 
as  a  tonic  and  stimulant,  increases  the  oxidation  of  waste  substances 
in  the  blood,  and  compensates  for  diminished  air  space  in  such  dis- 
eases as  pneumonia,  edema  of  the  lungs,  phthisis,  etc.  By  fOTcibly  in- 
flating the  lungs  with  it  we  may  increase,  by  several  cubic  indies,  the 
air  capacity. 

In  the  air,  the  oxygen  is  mixed  with  nitrogen  to  dilute  it  and  to 
moderate  its  action.  Oxygen  is  of  use  as  a  supporter  of  combustion, 
to  afford  us  artificial  heat  and  light.  With  this  heat  we  drive  our 
steam-engines,  warm  our  houses,  smelt  our  ores,  and  cook  our  food. 

Ozone. — ^If  a  series  of  electric  sparks  be  passed,  for  a  few  minutes, 
through  a  portion  of  air  or  oxygen  gas  confined  in  a  tube,  it  acquires 
a  peculiar  pungent  odor,  exhibits  properties  which  it  did  not  pre- 
viously possess,  and  undergoes  a  contraction  in  volume.  This  is  the 
best  way  of  preparing  it,  but  the  yield  at  best  is  about  5.6  per  cent, 
when  pure  dry  oxygen  is  used.  The  same  odor  is  usually  detected 
in  the  air  in  the  neighborhood  of  a  frictional  electrical  machine  while 
in  operation;  or  in  the  gas  given  off  by  a  mixture  of  potassium  per- 
manganate and  sulphuric  acid; 

K^MiijOg  +  sH^O^  -  K^O^  +  2MnS04  +  3H,0  +  0,-1-0,. 

0.=        0=0  o.=dl!>o 

Ozygea.  Ozone. 

or,  when  phosphorus,  partially  covered  with  water,  is  exposed  to  the 
air  and  allowed  to  undergo  slow  oxidation;  or,  by  the  electrolysis  of 
water  containing  sulphuric  and  chromic  acids.  Ozone  can  often  be 
detected  about  a  galvanic  battery,  using  as  the  exciting  fluid  a  solu- 
tion of  sulphuric  acid  and  potassium  dichromate. 
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Ozone  has  been  prepared  in  the  pure  state  by  passing  ozonized 
oxygen  through  a  tube  cooled  by  liquid  oxygen  to  — 184®  C. 
( — 299®  F.).  Thus  prepared,  it  is  a  steel-blue  liquid,  boiling  at 
— 106®  C.  (—159®  F.)  and  evaporating  into  a  blue  gas. 

The  density  of  the  gas  is  24,  and  its  molecukir  wei^t  is  there- 

fore  48,  or  I    .O. 
0/ 

The  ozone  of  the  air  never  exceeds  one  part  in  700,000.  It  is  more 
abundant  in  the  air  over  the  ocean  than  on  land,  being  produced  by 
the  evapcmttion  of  salt  water.  It  is  most  abundant  in  May  and  June, 
and  least  in  December  and  January.  This  property  of  an  element 
assuming  two  or  more  forms  of  totally  different  behavior  is  called 
allotropy  or  allotropism.  (Comp.  p.  no.)  The  more  uncommon 
form  of  the  element  is  called  an  allotropic  form.  This  property  is 
exhibited  by  oxygen,  sulphur,  pho^horus,  boron,  Iron,  silicon,  carbon, 
silver,  gold,  platinum,  mercury,  and  perhaps  others. 

Properties. — The  properties  of  ozone  are  those  of  oxygen,  intensi- 
fied. It  is  a  very  powerful  oxidizing  agent,  tarnishes  silver  and  mer- 
cury, sets  iodine  free  from  potassium  iodide,  and  is  rapidly  destroyed 
by  contact  with  easUy  oxidizable  organic  matters,  and  by  a  tempera- 
ture of  149®  C.  (300®  F.).  In  this  last  case,  it  is  reconverted  into 
oxygen.  It  is  a  strong  bleaching  agent.  It  is  soluble  in  oil  of  tur- 
pentine and  in  ether. 

In  preparing  ozone  from  oxygen  a  contraction  takes  place,  and  it 
again  expands  on  being  reconverted  into  ordinary  oxygen.  This 
shows  that  it  is  a  condensed  form  of  oxygen. 

Ozone  is  1}  times  heavier  than  oxygen. 

Ozone  is  found  in  the  air,  especially  after  thunder-storms,  and 
when  in  appredable  quantities  acts  as  a  purifier  of  the  air,  destroying, 
by  oxidizing  action,  many  forms  of  organized  germs  hurtful  to  its 
animal  and  vegetable  life.  On  this  account  it  has  been  regarded  as 
a  valuable  antiseptic  and  disinfectant.  As  it  is  very  irritating  to  the 
mucous  membranes,  and  when  present  to  any  considerable  extent 
causes  distressing  coryza,  or  even  hemoptysis,  it  is  to  be  recommended 
with  caution. 

Tests. — ^The  presence  of  ozone  in  the  air  may  be  detected  by  its  action  upon 
a  paper  saturated  with  a  sohition  of  potassium  iodide  and  starch  paste.  This  paoer 
becomes  blue  by  its  action,  owing  to  the  liberation  of  iodine,  which  gives  a  blue 
color  with  starch.  A  piece  of  reddened  litmus  paper  saturated  with  potassium  iodide 
also  becomes  blue.  A  paper  moistened  with  an  alcoholic  solution  of  s^uaiacum  is  also 
changed  to  a  light  blue  by  its  action.  A  piece  of  paper  impregnatea  with  a  solution 
of  manganous  sulphate  or  lead  hydrate  turns  dark  orown  or  black  by  its  presence. 
These  reactions  disappear  when  the  air  is  heated  to  260^  C.  (500°  F.) . 
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Two  compounds  of  these  elements  are  known: 
Hydrogen  oxide,  or  water,  HjO. 
Hydrogen  peroxide,  or  hydrogen  dioxide,  HjO,. 

Hydrogen  Oxide,  or  Water. — Formula,  H^O.    Molecular  Weight,  i8^x6 

(O  «  i6),  17.88  (H  =  i). 

Water  is  so  widely  distributed  in  nature  that  it  is  almost  universaL 
It  exists  in  the  three  states:  solid,  Hquid,  and  gas  or  vapor. 

Occurrence. — It  occurs  in  the  solid  form  below  the  temperature 
of  o^  C.  (32^  F.),  and  as  a  liquid  between  0°  C.  (32^  F.)  and  100°  C. 
(212®  F.),  and  as  a  vapor  above  100®  C.  (212°  F.).  In  the  form  of 
vapor  it  exists  in  the  air  at  ordinary  temperatures.  It  is  poured  into 
it  from  combustion  in  various  manufacturing  processes,  from  volcanoes, 
by  spontaneous  evaporation  from  the  surface  of  the  ground,  bodies 
of  water,  and  the  leaves  of  plants.  Seven-eighths  of  the  entire  human 
body  is  water.  Potatoes  contain  75  per  cent.;  watermelons,  94  per 
cent.;  and  cucumbers,  97  per  cent.  It  enters  into  the  composition 
of  many  rocks,  and  forms  a  necessary  part  of  many  crystals,  where 
it  is  known  as  water  of  crystallization. 

Composition. — The  composition  of  water  may  be  determined  in  two  ways:  by 
analysis  and  by  synthesis.  If  a  current  of  electricity  be  conducted  through  a  vessel 
of  water,  slightly  acidulated  with  sulphuric  acid,  the  water  will  be  decomposed  into 
two  gases,  hydrogen  and  oxygen,  in  the  proportion  of  two  volumes  of  the  first  to  one 
of  the  second.  If,  now,  these  gases  be  mixed  together  in  the  same  proportion,  and 
an  electric  spark  sent  through  the  mixture,  they  recombine,  with  an  explosion.  If 
equal  volumes  of  the  two  gases  be  used,  there  will  remain,  after  the  explosion,  one- 
fourth  as  much  gas  as  was  taken,  which,  on  testing,  will  be  found  to  be  oxygen. 

These  two  experiments  show  that  the  proportion  of  the  gases,  by  volume,  must 
be  two  of  hydrogen  to  one  of  oxygen.  On  weighing  the  two  gases,  we  find  that  the 
oxygen  weighs  eight  times  as  much  as  the  hydrogen — i.  e.,  by  weight,  water  is  com- 
posed of  f  oxygen  and  J  hydrogen. 

The  recombination  is  effected  in  the  eudiometer  of  the  construction  represented 
by  figure  53,  and  the  decomposition  in  the  apparatus  shown  in  figure  52.  For  the 
synthesis  of  water,  the  mixed  gases  are  introduced  into  the  graduated  limb  (Fig.  53) 
through  the  stopcock  at  the  top.  The  wires  from  a  small  induction  coil  are  con- 
nected with  the  two  platinum  wires  soldered  into  the  glass  just  below  the  stopcock, 
and  which  are  separated  within  the  tube  by  a  space  about  ^  of  an  inch.  On  con- 
necting the  coil  with  the  wires  from  the  battery,  a  spark  is  sent  across  the  space 
between  the  platinum  wires,  which  ignites  the  gases.  In  figure  52  the  wires  are  seen 
to  pass  through  the  tubes  at  the  bottom  and  terminate  in  two  strips  of  platinum  foil, 
from  which  the  gases  escape  to  the  top  of  their  respective  limbs.  If  the  graduated 
limb  in  figure  53,  containing  the  gases  to  be  combined,  be  surrounded  by  a  larger 
tube,  through  which  steam  from  a  kettle  is  kept  passing,  and  the  gases  are  measured 
at  the  same  temperature,  before  and  after  the  explosion,  it  will  be  found  that  the 
steam  produced  by  the  combination  of  the  oxygen  and  hydrogen  will  occupy  two- 
thirds  of  the  volume  of  the  mixed  gases  before  the  explosion  (comp.  p.  75) ;  that  is,  the 
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two  volumes  of  hydrogen  and  the  one  volume  of  oxygen  have  formed  two  volumes 
of  steajn,  or  vapor  of  water.  Applying  the  law  of  Avogadro,  it  will  be  seen  that  there 
arc  the  same  number  of  molecules  of  water  pnxluced  as  there  were  molecules  of  hy- 
drogen taken.  Now,  as  we  have  seen  (p.  75)  that  the  hydrogen  molecule  contains 
two  atoms,  the  molecule  of  water  must  contain  two  atoms  of  hydrogen.  By  the  same 
reasoning  it  may  be  shown  that  the  molecule  contains  but  one  atom  of  oxygen;  or, 
the  formula  is  H^O. 


Fio.  53. 


Preparation. — Water  may  be  prepared  in  several  ways  by  chemical 
means. 

First. — The  simplest  method  is  the  direct  union  of  the  gases. 

2H,  +  O,  -  2H,0. 

Second. — ^It  is  always  produced  by  the  burning  in  the  air  of  hydro- 
^n  gas,  or  any  combustible  containing  it,  and  may  be  condensed 
by  conducting  the  products  of  the  combustion  throu^  a  tube  or  flue 
kept  cool  by  immersion  in  cold  water. 

CH4    +     2O,    -    COa    4-     2H,0. 

Mush.        Ozygea.         Carbon  Wat«r. 

Gas.  Dioxide. 
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Third. — As  one  of  the  products  of  the  action  of  an  add  upon  a 
base  or  a  metallic  ozkie.    lliiis: 

KOH    +     HNO,    -    KNO,    +     H,0. 

FotaM.  Bfdrofoi  FoUai.  Water. 

Hydronde.  Nttnte.  Nitrate. 

Fourth. — ^The  reduction  of  a  metallic  oxide  by  hydrogen  or  some 
organic  substance  containing  it. 

CjHgO  +  6CuO  at  red  heat  -  3CU,  +  2CO,  +  jH^O. 
aCuO  +  aH,  -  Cu,  +  2H,0. 

Fhjrtical  Properties. — When  pure,  water  is  a  coloriess,  trans- 
parent, mobile  liquid,  without  taste  or  odor.  When  viewed  in  large 
quantity,  however,  it  has  a  bluish  color.  It  is  a  poor  conductor  of 
heat  and  electricity.  When  water  is  cooled  below  o**  C.  (32**  F.)  it 
assumes  the  solid  state,  called  ice.  When  the  temperature  is  raised 
to  100®  C.  (212®  F.)  at  ordinary  atmospheric  pressure,  it  assumes  the 
gaseous  state,  called  steam,  lliis  point  is  called  the  boiling  point. 
The  boiling  point  is  higher  than  100^  C.  iinder  an  increased  pressure. 
Solid  matter  in  solution  raises  the  boiling  point  and  lowers  the  freez- 
ing point  Water  at  a  temperature  of  4^  C.  (39.2^  F.)  is  taken  as 
the  unit  of  specific  gravity  of  liquids  and  solids.  At  this  temperature 
it  possesses  its  greatest  density.  When  it  is  heated  above  or  cooled 
below  this  point,  it  expands  and  becomes  less  dense.  Water  is  773 
times  heavier  than  air  at  o®  C,  and  11,147  times  heavier  than  hydro- 
gen. Water  expands  quite  rapidly  and  with  great  force  on  solidify- 
ing, and  hence  ice  is  lighter  than  water.  This  expansion  is  supposed 
to  be  due  to  the  greater  space  required  for  the  molecules  in  arranging 
themselves  into  crystab.  The  form  of  the  crystal  of  water  is  hex- 
agonal. This  may  frequently  be  seen  in  small  snowflakes  received 
upon  a  dark  surface;  the  lines  of  the  three  equal  axes  can  often  be 
seen  with  great  distinctness. 

The  variations  in  the  boiling  point  of  water  are  much  greater  than 
those  of  the  freezing  point,  but  the  latter  is  subject  to  sli^t  variations 
of  temperature.  Water  may  be  cooled  in  capillary  tubes  to  — 15®  C. 
(5*^  F.)  before  it  solidifies,  if  the  tubes  remain  at  rest;  but  if  they  are 
agitated  when  at  this  low  temperature,  the  water  will  instantly 
solidify.  Agitation  favors  the  movement  of  the  molecules  into  the 
position  to  form  crystals,  and  hence  large  bodies  of  water  freeze  at 
a  higher  temperature  when  agitated  by  a  gentle  breeze  than  when 
the  air  is  very  calm.  Although  converted  into  vapor  most  rapidly  at 
xoo°  C,  water  (even  ice  and  snow)  undergoes  evaporation  at  all 
temperatures,  especially  when  the  air  is  dry.  Owing  to  its  great 
solvent  power  for  solids,  pure  water  is  never  met  with  in  nature* 
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There  are  comparatively  few  substances  which  are  totally  insoluble 
in  water.  When  we  wish  to  prq)are  pure  water,  we  generally  resort 
to  the  process  of  distillation,  rejecting  the  first  twenty  per  cent,  of 
that  which  distils  over,  and  also  the  last  twenty  per  cent  It  is  by 
no  means  an  easy  matter  to  prq)are  absolutely  pure  water,  even  by 
this  process;  but  by  conducting  the  process  carefully,  with  the  above 
precautions,  we  may  obtain  a  water  pure  enou^  for  all  ordinary 
chemical  purposes.  Pure  water  is  generally  selected  as  the  solvent  of 
chemical  substances  which  are  to  be  submitted  to  any  chemical  change, 
because  the  reactions  take  place  more  readily  in  solution  than  when 
in  the  solid  state,  and  because  water  is  a  neutral  body,  which  does 
not  complicate  the  result  by  taking  part  in  the  action  itself.  The 
yapoT  of  water  is  tran^>arent,  invisibk,  and  colorless.  Its  density  is 
9,  and  its  sp.  gr.,  referred  to  air,  is  0.6234.  One  volume  of  water 
will  produce  1696  volumes  of  steam,  or,  approximately,  one  cubic 
inch  of  water  will  produce  one  cubic  foot  of  steam  at  100^  C.  (212^  F.), 
and  one  pound  will  render  latent  244  calories  in  evaporating. 

Chemical  Properties.— We  have  ah-eady  referred,  in  speaking 
of  the  preparation  of  water,  to  some  of  its  chemical  properties.  It 
unites  directly  with  many  metallic  oxides  to  form  bases  or  hydroxides, 
and  with  some  oxkles  of  the  metalloids  to  form  acids. 

CaO  4-  H,0  -  CaOJl,  -  base 
SO,  +  H,0  -  H,S04  -  add. 
CO,  +  H,0  -  HjCO,    -  add. 

It  enters  into  a  feeble  union  with  most  metallic  salts  in  solution, 
dissociates  them  into  their  ions,  and  separates  with  them  when  they 
crystallize,  as  water  of  crystallization.  Certain  substances  exhibit  a 
mailed  tendency  to  combine  with  water,  or  to  absorb  it  from  the 
air,  and  are  used  in  the  laboratory  as  drying  agents.  Among  these 
are  calcitim  chloride,  sulphuric  acid,  and  phosphoric  pentozide. 

Hatund  Waters. — ^Natural  waters  are  never  free  from  dis* 
solved  impurities.  They  contain  gaseous,  liquid,  and  solid  impurities, 
varying  according  to  the  source  whence  the  water  is  derived,  die  tem- 
perature, the  nature  of  the  soil  or  rocks  over  which  it  has  flowed,  or 
the  state  of  the  air  at  the  time.  Natural  waters  may  be  divided  into 
potable  (or  drinkable),  mineral,  and  saline  waters. 

Potable  Waters. — ^To  this  class  belong  well-water,  spring-water, 
river-water,  lake-water,  and  ice-water. 

The  purest  natural  waters  are  rain-  and  snow-water  from  moun- 
tainous and  country  districts.  The  purity  of  rain-water  varies  with 
the  locality  where  it  falls.  In  the  neighborhood  of  large  cities,  where 
the  air  is  charged  with  the  products  of  large  factories,  etc.,  it  will  con- 
tain whatever  of  these  can  be  washed  out  of  the  air. 
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Sulphuric  acid,  for  example,  is  comparatively  abundant  in  the 
air  of  large  cities.  The  rain-water  of  London,  as  given  by  Dr.  R. 
Angus  Smith,  contains  20.5  parts  per  million,  while  that  of  inland 
places  in  England  contains  only  5.5  parts;  and  that  from  inland 
places  in  Scotland,  only  2  parts,  while  from  Glasgow  it  contained  70 
parts  per  million. 

The  source  of  the  sulphuric  add  is  mostly  the  combustion  of  coal 
containing  sulphur.  The  chlorides  in  rain-water,  principally  sodium 
chloride^  vary  with  the  distance  from  the  sea-coast. 

Ammonium  salts,  nitrates,  and  nitrites  are  found  in  small 
quantities,  derived  from  decomposing  organic  matter  and  from  the 
combustion  of  coal.  Another  source  of  these  compounds  is  the 
oxidation  of  a  small  quantity  of  the  nitrogen  of  the  air  by  ozone  gen- 
erated by  lightning.  Rain-water  also  contains  more  or  less  dust  and 
organic  matter,  which  it  washes  out  of  the  air  in  falling.  The  gases 
found  in  rain-water  are  carbon  dioxide,  CO,,  nitrogen,  oxygen,  and 
sometimes,  in  cities,  sulphur  dioxide,  SO,,  and  hydrogen  sulphide,  H,S, 

fCO„  2.4   ) 

Peligot's  analyses  show  •<  Oxgyen,      6.59  >  c.c.  per  liter. 
(Nitrogen,  14.0   j 

It  will  be  noticed  that  the  proportion  of  oxygen  in  the  air  of  rain- 
water is  about  twice  as  great  as  that  of  the  atmosphere. 

Rain-water,  as  ordinarily  collected  on  roofs  of  houses,  is  very  much  contami- 
nated with  both  organic  and  mineral  matter  washed  from  the  roof  on  which  it  falls. 
It  is  very  liable  to  l^ome  putrid  from  the  decomposition  of  this  oiganic  matter,  and 
to  breed  the  larvae  of  certain  insects.  Melted  snow  furnishes  a  water  even  purer 
than  rain-water,  especially  if  we  collect  that  which  falls  toward  the  end  of  a  storm. 

Ice-water  vanes  very  much  in  purity,  according  to  the  purity  of  the  water  from 
which  the  ice  is  obtained.  Ice  is  always  purer  than  the  water  from  which  it  is 
formed,  and  when  obtained  from  clear  lakes  or  rivers  it  is  often  tlw  purest  of  natural 
waters,  owing  to  the  fact  that  in  the  crystallization  of  water,  or  freezing,  it  leaves  part 
of  the  dissolved  solids  and  gases  in  the  remaining  water.  The  absence  of  the  usual 
gases,  however,  renders  ice-water  flat  to  the  taste. 

Spring-  and  well-waters  are  si^^}ly  rain-water  which  has  been 
filtered  through  a  more  or  less  thick  layer  of  soil.  The  nature  and 
quantity  of  the  dissolved  matters  will  depend  upon  the  nature  of  the 
soil  and  rock  through  which  it  percolates  or  over  which  it  flows. 

In  large  cities,  where  the  soil  is  saturated  with  filth,  the  well-waters  are  very  im- 
pure, while  in  weU-dr^ned  and  mountainous  country  districts  they  are  much  purer. 
Dangerous  organic  matter  may  filter  through  many  feet  of  soil  and  poison  the  water 
of  a  well  or  spring.  Shallow  wells  usually  contain  much  more  organic  and  less 
mineral  matter  than  deep  wells,  and  are  therefore  more  likely  to  contain  dangerous 
or  unwholesome  matters.  Shallow  wells  are  essentially  a  pit  for  the  reception  and 
accumulation  of  the  drainage  from  the  surrounding  soil.  For  convenience  they  are 
usually  situated  near  the  dwelling,  where  the  soil  receives  more  or  less  household 
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waste  of  various  kinds,  and  are  often  placed  near  a  cesspool  or  privy-vault.  The 
effect  of  the  geological  character  of  the  soil  is  almost  entirely  obliterated  by  this  local 
impurity.  Such  waters,  even  when  disgustingly  impure,  arc  usually  bright,  spark- 
ling, ami  palatable,  and  are  often  much  approved  bv  those  accustomed  to  their  use. 
Deep  weUs  may  be  regarded  as  those  which  draw  their  supply  from  a  depth  of  100 
feet  or  more  from  the  surface.  In  cases  where  the  supply  is  drawn  from  below  a 
dense  bed  of  clay  or  of  impervious  rock,  the  well  oAy  be  considered  deep  when  such 
supply  is  much  less  than  100  feet  below  the  surface.  Deep  weUs  may  be  regarded 
as  artificial  springs,  as  both  are  subjected  to  the  same  conditions. 

Artesian  wells  are  artificial  springs  formed  by  boring  into  the  earth,  in  a  low- 
]3riiig  district  surrounded  by  high  pound,  until  a  layer  of  rock  or  gravel  containing 
water  is  reached,  situated  between  two  impermeable  layers.  The  strata  must  be  so 
ciirved  that  their  outcrop  is  on  a  higher  plane  than  the  surface  of  the  well.  In  such 
cases  the  water  rises  to  the  surface  without  pumping,  and  its  character  is  determined 
by  the  nature  of  the  rocks  in  which  the  water  is  found. 

Surface  Waters. — ^Thcse  comprise  river-,  pond-,  lake-;  and  sea- 
water.  The  water-supply  of  large  cities  is  usually  taken  from  this 
class  of  waters,  and  consists  of  spring-water  and  of  rain-water  which 
has  fallen  upon  a  considerable  area  of  country.  Surface  waters  usually 
contain  a  large  proportion  of  organic  and  mineral  matters.  Surface 
water,  draining  from  a  cultivated  district,  contains  more  organic  and 
mineral  matter  than  that  from  uncultivated  districts,  and  the  charac- 
ter of  it  is  considerably  influenced  by  application  of  fertilizers  to  the 
land.  River-waters  are  often  contaminated  by  the  discharging  of 
sewage  and  refuse  into  them  from  towns  and  various  manufactories 
along  their  banks. 

Characteristics  of  a  Good  Prinki]ig-water.~(i)  It  should 
be  clear  and  limpid.    Cloudy  and  muddy  waters  should  be  avoided. 

(2)  It  should  be  colorless.  A  green^  or  yellowish  color  is 
u^ialty  due  to  vegetable  or  animal  matter  in  solution  or  to  organisms. 

(3)  It  should  be  odorless;  especially  free  from  sulphuretted 
hydrogen  or  putrefactive  animal  matter.  (4)  It  should  not  be 
too  cold,  but  should  have  a  temperature  of  from  8®  C.  (46°  F.) 
to  15.5^  C.  (60"^  F.).  (5)  It  should  have  an  agreeable  taste; 
neither  flat,  salty,  nor  sweetish.  A  certain  amount  of  hardness  and 
dissolved  gases  give  a  sparkling  taste.  It  should  contain  from  25  to 
50  C.C.  of  gases  per  liter,  of  which  8  to  10  per  cent,  is  carbon  dioxide 
and  the  rest  oxygen  and  nitrogen.  The  air  of  natural  waters  is  richer 
in  oxygen  than  the  atmosphere  above  them — ^viz.,  about  33  per  cent. 
of  ox3rgen  and  67  per  cent  of  nitrogen  when  the  water  is  fully  satu- 
rated, which  is  not  always  the  case.  Highly  contaminated  waters 
usually  contain  less  oxygen  than  the  above  proportion,  because  it  is 
used  up  in  oxidizing  the  organic  matter.  (6)  It  shotild  be  as  free 
as  possible  from  dissolyed  organic  matter,  especially  of  animal 
origin.    (7)  It  should  not  contain  too   gi^at  an  amount  of 
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hardness.  A  certain  quantity  of  saline  matter  is  necessary,  however, 
to  give  it  a  good  taste.  It  should  not  contain  over  three  or  four  parts 
of  chlorine  in  100,000  parts  of  water. 

Sanitary  Water  Analysis.— We  have  seen  that  natural  waters 
are  never  pure,  but  are  contaminated  by  various  kinds  of  foieign 
matter  to  which  they  have  been  exposed.  These  impurities  may  be 
harmless  to  the  human  economy,  or  they  may  be  very  harmful.  It 
is  the  object  of  the  analyst  to  determine,  as  nearly  as  possible,  the 
nature  and  amount  of  impurities  found  in  a  water,  so  as  to  form  an 
opinion  as  to  its  healthfulness. 

It  has  been  proven  beyond  doubt  that  water  is  a  fruitful  dissem- 
inator of  disease.  It  is  believed  that  the  disease  produced  in  such 
cases  is  due  to  pathogenic  organisms,  and  that  the  organic  matter 
of  the  water  simply  accompanies  them  and  furnishes  a  suitable  solution 
in  which  they  may  live  and  grow.  It  is  also  known  that  these  organ- 
isms grow  best  in  solutions  of  animal  organic  matter,  and  this  animal 
matter  may  be  the  carrier  of  the  disease  germs;  hence,  waters  con- 
taminated with  animal  matters  are  looked  upon  as  much  more  dan- 
gerous than  those  containing  vegetable  matter. 

It  is  evident  that  chemical  analysis  can  not  detect  the  disease- 
producing  element,  although  it  can  tell  pure  from  impure  water. 

Several  methods  are  in  use  among  chemists  for  the  purpose  of 
forming  an  opinion  as  to  the  character  of  drinking-waters.  The 
elements  usually  relied  upon  in  a  sanitary  examination  are  the  total 
residue  left  on  evaporation,  the  losg  in  weight  of  this  residue  on  igni- 
tion at  a  dull  red  heat,  the  chlorides,  the  nitrates  and  nitrites,  ammo- 
nia, organic  carbon  and  nitrogen,  and  the  quantity  of  oxygen  the 
water  will  absorb  from  an  acid  solution  of  potassium  permanganate. 
Poisonous  metals  should,  of  course,  be  looked  for  where  there  is  any 
suspicion  of  their  presence. 

Total  Residue  and  Loss  on  Ignition.— The  amount  of  reddue 
left  on  evaporation  serves,  in  a  crude  way,  to  indicate  the  amount 
of  solids,  but  is  only  approximate,  and  of  no  significance  unless  it 
reaches  more  than  30  or  40  grains  per  gallon.  This  residue  will,  of 
course,  vary  with  the  hardness,  or  the  amount  of  soluble  constituents 
in  the  soil. 

Chlorine  in  potable  waters  is  very  largely  derived  from  the  sodium 
and  potassium  chlorides  of  urine  and  sewage.  The  average  amount 
of  chlorine  in  urine  is  not  far  from  5  parts  per  1000,  or  500  parts  in 
100,000  parts  of  water.  The  average  found  in  sewage  is  about  11. 5 
parts  per  100,000.  Over  5  parts  of  chlorine  per  100,000  may  be 
considered,  in  most  cases,  to  be  due  to  pollution  of  the  water  by 
sewage  or  animal  excretions.    This  will  be  modified  by  the  chlorine 
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found  in  the  purest  waters  of  the  same  class,  of  that  district.  The 
source  should  alwa3rs  be  taken  mto  account  in  judging  of  the  quality^ 
of  a  water.  Proximity  to  the  sea  does  not  materially  affect  the  amount 
of  chlorine  in  well-waters.  Too  much  dependence  should  not  be 
placed  upon  the  amount  of  chlorine  in  the  water  as  a  means  of  judg- 
ing of  its  purity,  for  vegetable  matter  may  exbt  in  dangerous  quantity 
without  its  presence  being  indicated  by  the  chlorine  present. 

Chlorine  is  estimated  by  a  standard  solution  of  argentic  nitrate. 

Hardness^ — ^The  hardness  of  water  is  produced  principally  by 
the  acid  carbonates  and  sulphates  of  calcium  and  magnesium.  The 
acid  carbonates  are  decomposed  by  boiling,  and  the  neutral  salts 
precipitated: 

CaH^CO,),  -  CaCO,  +  H,0  +  CO,. 

Hardness  due  to  these  salts  is  called  ^^  temporary/*  while  that  due 
to  the  sulphates  of  these  metals  is  called  ^^  permanent  hardness.** 

The  hardness  of  water  seems  to  have  little  or  no  influence  upon  the 
health  of  those  who  use  it.  Temporarily  hard  waters  may  be 
softened  by  adding  lime  in  sufficient  quantity  to  neutralize  the  excess 
of  carbonic  acid  in  the  water,  when  the  carbonate,  CaCO,  or 
MgCO^  is  formed,  which  settles  to  the  bottom.  The  alkaUne  car- 
bonates, Na,CO,  and  K,CO„  may  be  used  to  precipitate  permanent 
hardness  and  soften  the  water.  Wood-ashes,  which  contain  the 
latter  of  these  salts,  is  frequently  used  by  washerwomen  to  soften 
water  for  washing  clothes.  - 

Nitrates  and  Nitrites. — These  salts  are  usually  looked  upon 
as  evidences  of  former  contamination  of  a  water  by  nitrogenous 
organic  matter.  The  decomposition  of  nitrogenous  organic  matter  of 
animal  origin  in  waters  yields  at  first  amins,  then  ammonia,  then 
nitrons  and  finally  nitric  acid.  These  adds  combine  with  bases 
present  to  form  salts  of  these  adds.  Rain-water  contains  a  small 
quantity  of  these  acids,  but  a  larger  quantity  indicates  that  the  water 
is  undergoing,  or  has  undergone,  a  natural  process  of  purification 
from  animal  matters.  This  change  is  partially  due  to  direct  oxida- 
tion, but  more  particularly  to  the  action  of  certain  micro-organisms 
whidi  have  die  peculiar  power  of  converting  nitrogenous  organic 
matter  into  nitrites  and  nitrates,  both  in  water  and  in  soU.  The  quan- 
tity of  these  compounds  found  usually  indicates  the  amount  of  matter 
thus  decomposed.  This  purifying  process  goes  on  more  slowly  in 
river-  and  lake-waters  than  in  ground-water,  because  the  exposure 
to  oxygen  is  more  complete  while  filtering  through  the  soil  than  in 
a  body  of  water.    Deep  wells  may  safely  contain  more  nitrates  than 
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shallow  ones,  for  the  organic  matter  may  all  be  destroyed  by  filtering 
through  the  soil  into  a  deep  well,  while  in  the  shallow  one  some  organic 
matter,  germs,  and  spores  capable  of  causing  disease  may  pass  throu^ 
the  shorter  distance.  A  careful  estimation  of  nitrates  gives,  therefore, 
considerable  knowledge  of  the  past  history  of  a  water,  and  is  regarded 
by  chemists  as  of  great  importance. 

A  very  easy  and  delicate  qualitative  test  for  nitrates  and  nitrites  in  water  is  the 
following:  Make  a  solution  of  diphenylamin  in  pure,  strong,  sulphuric  acid,  free 
from  nitric  or  nitrous  acids,  as  shown  by  a  duplicate  test  with  distilled  water,  adding 
a  little  pure  water  to  make  a  clear  solution. 

To  the  suspected  water  add  one-half  its  volume  of  the  sulphuric  acid,  then  a  few 
drops  of  the  above  solution.  If  nitrates  or  nitrites  are  present,  a  deep  blue  solution 
will  be  formed  at  once.  This  test  may  be  used  by  any  one,  and  will  give  some  idea 
of  the  safety  of  a  drinking-water. 

To  detect  the  presence  of  nitrites  a  solution  of  metaphenylendiamin  in  pure  sul- 
phuric acid  may  be  used.  When  nitrites  are  present  the  solution  assumes  a  yellow 
to  brown  color,  according  to  the  quantity  present 

If  to  loo  c.c.  of  water  we  add  i  c.c.  each  of  a  saturated  solution  of  naphthylamin 
chloride,  sulphanillc  add,  and  diluted  hydrochloric  acid  (i  to  3  of  water),  there 
appears,  if  nitrites  are  present,  a  pink  color,  the  intensity  of  which  is  proportional 
to  the  quantity  present. 

Moist  Combustion^  or  Oxygen-consuming  Power. — By  this 
is  meant  the  oxidation  of  the  organic  matter  found  in  a  water,  by 
adding  to  it  a  measured  quantity  of  potassium  permanganate,  with 
some  sulphuric  acid,  and  determining  the  oxygen  absorbed  from  this 
salt  by  the  organic  matter  present.  This  method  can  not  distinguish 
between  vegetable  and  animal  matters;  neither  will  it  measure  the 
oxygen  consumed  in  oxidizing  nitrites  to  nitrates,  or  ferrous  to  ferric 
salts.    In  the  presence  of  these  salts  it  may  give  erroneous  results. 

Ammonia. — The  spontaneous  decomposition  of  organic  matter 
in  water  first  affords  amins,  then  ammonia,  then  nitrites,  and  finally 
nitrates.  This  fact  is  so  generally  conceded  as  to  make  an  estimation 
of  the  ammonia  in  a  water  a  very  important  part  of  its  sanitary  ex- 
amination. 

The  ammonia  is  generally  spoken  of  as  "  free  ammonia/'  or  more 
properly  ammonium  salts;  and  ^^ albuminoid  ammonia,'*  or 
ammonia  from  amins  and  other  organic  nitrogen.  The  sanitary 
examination  of  a  water  should  alwa3rs  include  a  quantitative  estima- 
tion of  the  "free"  and  "albuminoid"  ammonia. 

Biological  Examination  of  Water. — In  recent  years  it  has  been  customary 
to  determine  the  nature  and  number  of  the  micro-oi^nisms  in  water  by  the  weU- 
known  bacteriological  methods. 

Surface-waters  and  many  well-waters  contain  a  variety  of  living  organisms 
which  may  be  easily  discovered  by  the  aid  of  a  microscope;  such  as  the  daphinae, 
Cyclops,  desmids,  algae,  rotiferae,  amebas,  etc.  These  organisms  feed  mostly 
on  suspended  organic  matter,  and  are  not  regarded  as  especially  harmful,  except 
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in  the  case  of  some  of  the  entosoja.    Dissolved  oiganic  matter  in  a  state  (d  decompo- 
sition is  gexietally  indicated  by  bacteria. 

The  principal  object  in  view,  in  these  examinations,  is  to  determine  the  number 
of  oraanisms  in  a  given  volume  (i  c.c.)  of  the  water,  and,  if  possible,  to  determine 
the  character  of  these  organisms.  The  cultivation  of  the  organisms  requires  care 
aj^  skill,  and  even  then  the  value  of  the  results  is  open  to  great  question.  Patho- 
genic bacteria  have  rarely  been  found  by  this  method,  and  tl^  chemical  methods  are 
still  relied  upon.  While  much  is  to  be  hoped  for  in  the  future,  the  process  has  not 
thus  far  given  results  which,  taken  alone,  can  replace  the  older  chemical  methods 
above  referred  to.  Every  sanitary  analysis  should  comprise  both  methods  of  exami- 
nation, and  should  also  include  an  inspection  of  the  source  of  the  water. 

Purification  of  Water.— Water  may  be  separated  from  sus- 
pended impurities  by  filtration — i,  c,  by  passing  it  throu^  any  porous 
substance  not  soluble  in  water,  as  clay,  sand,  (£arcoal,  brick,  unglazed 
earthenware,  imsized  paper,  etc.  For  filtering  large  quantities  of 
water  for  cities  or  manufactories,  sand  or  brick  is  to  be  preferred. 

For  filtering  water  for  family  use,  a  brick  partition  two  to  four  inches  thick, 
built  from  wall  to  wall  in  a  dstem,  works  welL  The  water  is  delivered  in  one 
apartment  and  pumped  from  the  other  for  use.  It  is  better,  however,  to  have  the 
filter  exposed  to  the  air  and  capable  of  being  cleaned  occasionally.  A  filter  which 
is  often  used  consbts  of  a  barrel,  in  the  bottom  of  which  several  holes  are  bored,  and 
filled  with  alternate  layers  of  gravel,  sand,  and  charcoal,  and  placed  over  the  mouth 
of  the  dstem  or  reservoir,  through  which  the  water  mav  be  nltered.  Such  a  filter, 
when  freshly  made,  will  remove  a  part  of  the  dissolved  or^nic  matters  as  well  as 
suspended  matters.  Porous  stone  filters,  made  from  a  silidous  stone,  are  to  be 
found  in  the  market,  which  filter  rapidly  and  very  satisfactorily.  Spongy  iron 
filters,  made  by  roasting  hematite  with  coal,  are  still  more  active  in  destroying  oiganic 
matter  and  putrefactive  germs.  But  few  of  the  various  forms  of  commercial  filters 
remove  micro-organisms  from  water;  on  the  contrary,  many  of  them,  after  being 
Yued  far  a  short  time,  begin  to  contaminate  the  water  with  microscopic  orsanisms 
which  they  harbw  in  thdr  pores.  Filters  of  unglazed  porcelain  are  now  in  Sie  mar- 
ket, which  will  remove  microK>rgani8ms  from  solutions.  Sand  filters  are  most  effi- 
dent  for  filtering  large  Quantities  of  water  for  the  supply  of  dties.  Experiments 
have  shown  that  a  sand  niter  five  feet  in  depth,  when  the  water  passes  through  it  at 
the  rate  of  2,000,000  gallons  per  acre  a  day,  will  remove  99.98  per  cent,  of  the  bac- 
teria contained  in  the  water.  It  has  been  shown  that  polluted  waters  are  rendered 
almost  harmless  by  such  filtration.  Typhdd  fever  and  cholera  germs  are  almost 
completely  removed  by  such  filters. 

In  some  dties  a  process  of  "scouring,"  or  agitation  of  the  water  with  angular 
sand,  is  practised.  In  others  there  is  emploved  a  combination  of  a  predpitant  of 
the  oiganic  matter  and  filtration.  The  preapitants  are  either  alum  or  a  ferric  salt. 
Such  systems  are  said  to  be  effident,  where  the  amount  of  water  to  be  treated  is  not 
too  great.  In  the  Anderson  system  the  water  is  agitated  with  iron  borings,  in  a 
revoMng  iron  cylinder,  which  forms  a  certain  amount  of  ferrous  carbonate  from  the 
carbonic  add  of  the  water. .  The  temporary  hardness  is  thus  largely  removed  by 
the  removal  of  the  carbonic  add.  On  exposure  to  air  the  ferrous  carbonate  is 
OTJdiggd  and  ferric  hydroxide  is  predpitated. 

sFeCO,  -h  O  -I-  3H,0  -  Fe/OH).  -I-  aCO^ 

The  water  is  then  filtered  through  sand.  The  orgam'c  matter  is  lareely  re- 
moved by  this  process,  as  is  shown  by  analysis,  and  the  organisms  as  well.    The 
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time  of  contact  of  the  water  and  iron  is  about  three  or  four  minutes.  This  process 
has  been  tried  in  some  large  cities,  and  is  highly  spoken  of. 

Organic  matter  may  be  largely  removed  from  water  by  precipitation  with  alum, 
ferric  chloride,  or  copper  sulphate.  When  alum  is  added  to  a  water,  it  is  decom- 
posed, with  the  formation  of  the  hydroxide  which,  as  it  settles,  carries  down  with 
It  all  suspended  matters  and  a  large  part  of  the  dissolved  oiq^nic  matter  and  micro- 
organisms. From  one  to  two  grains  to  the  gallon  is  sufficient.  Ferric  salts  and 
CuSOi  behave  in  a  similar  manner.  Filtration  through  granulated  iron,  kept 
clean  by  agitation,  and  afterward  filtering  through  sand,  serves  to  remove  a  large 
part  of  the  organic  matter  and  microbes. 

We  have  already  referred  to  methods  of  precipitating  the  hardness  from  water. 
Distillation,  as  a  means  of  purifying  water,  has  also  been  referred  to.  Freezing 
purifies  water,  and  removes,  to  a  considerable  extent,  mineral  as  well  as  organic 
matter;  but  freezing  can  not  make  a  dangerous  water  safe.  Numerous  instances 
show  that  disease  may  be  conmiunicated  as  surely  by  ice  as  by  unfrozen  water. 

Mineral  Waters. — Under  this  name  are  included  such  waters 
as,  from  some  dissolved  substances,  have  a  greater  or  less  therapeutic 
value.  These  vary  so  much  in  the  character  of  the  dissolved  sub- 
stances that  no  exact  classification  of  them  can  be  made,  but  they 
may  be  roughly  classified  as  follows: 
ist.   Carbonated   waters,    those   which   are   charged   with   carbon 

dioxide  or  carbonic  add. 
2d.    Sulphuretted  waters,  those  which  contain  sulphides  of  hydro- 
gen or  one  of  the  alkaline  metals,  in  notable  quantities. 
They  are  used  for  baths  as  well  as  for  drinking. 
3d.    Alkaline  waters,   those  containing  considerable  quantities  of 
carbonates  or  bicarbonates  of  the  alkaline  metals — sodium, 
potassium,  or  lithium. 
4th.  Saline  waters,  those  containing  the  neutral  salts,  such  as  the 
chlorides,  bromides,  or  iodides  of  the  alkaUes  or  alkaline 
earths. 
5th.  Chalybeate  waters,   those  containing  some  one  of  the  com- 
pounds of  iron.    Closely  allied  with  these  in  properties  are 
those  containing  manganese. 
6th.  Acid   waters,    those   containing   free   mineral   adds,   such   as 

hydrochloric  or  sulphuric  acid. 
7th.  Thermal  waters,  or  such  as  come  to  the  surface  at  a  tempera- 
ture above  that  of  20*^  C.  (68°  F.).    Some  of  these  springs 
contain  so  little  mineral  matter  as  to  be  of  no  importance, 
the  only  value,  if  any,  being  in  the  temperature.    They  are 
used  principally  for  baths. 
Official  Forms. — ^Aqua.    Potable  water  in  its  purest  attainable 
state  (U.  S.  P.).    Aqua  destillata.    Take  of  water  1000  vols.;  distil 
100  vols.,  reject,  then  distil  800  vols.  (U.  S.  P.).    The  transparency 
or  color  of  distilled  water  should  not  be  affected  by  lime-water;   nor 
by  HjS,  BaCl,,  AgNO„  or  (NHJ^CaO^,  etc. 
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The  aqtue  of  the  U.  S.  P.,  or  medicated  waters  (eighteen  in 
number),  are  solutions  of  a  gaseous  or  volatile  body  in  water,  as 
aqua  ammoniae,  aqua  anisi.  A  liquor  is  a  solution  of  a  fixed  or 
solid  body,  as  liquor  ferri  nitratis;  liquor  plumbi  subacetatis. 
A  decoction  is  a  solution  made  with  boiling  water,  usually  of  a  vegetable 
product.  An  infusion  is  a  solution  formed  by  subjecting  the  body 
for  a  short  time  to  boiling  water.  Maceration  is  the  long-con- 
tinued action  of  water  at  tibe  ordinary  temperature.  Digestion  is 
the  same  with  hot  but  not  boiling  water.  Lixiyiationy  leaching,  or 
percolation  is  the  process  of  pouring  water  through  a  porous  mass 
of  any  substance,  for  the  purpose  of  (Ussolving  out  soluble  matters. 

Physiological  Use. — Water  exists  in  all  the  tissues  of  the  body 
and  in  all  foods  and  drinks.  A  healthy  adult  takes,  on  an  average, 
about  2.5  liters  of  water  in  twenty-four  hours;  and  loses  by  the  skin, 
lungs,  kidneys,  and  feces  a  little  more  than  this;  the  excess  coming 
from  the  oxidation  of  the  hydrogen  of  the  food  and  tissues.  Water 
constitutes  from  sixty-five  to  seventy  per  cent,  of  the  whole  body, 
being  in  slightly  larger  proportion  in  the  young  than  in  the  adult  body. 
The  water  in  the  tissues  serves  as  a  solvent  for  the  various  proximate 
principles  intended  as  nourishment  for  the  tissues,  or  coming  from 
their  waste  and  intended  for  exqpetion.  The  evaporation  from  the 
skin  serves  to  carry  off  the  superfluous  heat  of  the  body. 

Hydrogen  Dioxide,  Hydrogen  Peroxide,  H,0„  Aqua  Hy- 
drogenii  Dioxidi  (U.  S.  P.),  Liq.  Hydrogenii  Peroxidi  (Br.).— 
Occurs  in  traces  in  the  air,  in  rain-water,  and  snow,  but  not  in  natural 
dew  and  frost.  It  is  probably  produced  in  the  air  as  the  result  of: 
(i)  The  evaporation  of  sea  water.  (3)  The  oxidation  of  atmospheric 
nitrogen  under  the  influence  of  ozone  generated  by  electric  discharges, 
or  lightning.  The  simplest  way  of  preparing  a  diluted  solution  of 
H2O3  is  to  pass  a  stream  of  CO,  through  water  containing  barium 
peroxide,  BaO,,  in  suspension. 

BaO,  +  CO,  +  H,0  -  BaCO,  +  H.O,. 

The  insoluble  barium  carbonate  may  be  separated  by  filtration, 
best  through  asbestos  filters.  This  solution  may  then  be  concen- 
trated by  evaporation  on  a  water-bath,  without  much  decomposition. 
In  fact,  it  is  more  stable  than  formerly  supposed. 

The  commercial  solutions  xisually  contain  about  three  per  cent, 
of  H,0,.  Ethereal  or  glycerin  solutions  are  sold,  containing  5  and 
25  per  cent  In  its  purest  form  it  is  a  syrupy,  colorless  liquid,  having 
an  odor  resembling  that  of  chlorine  or  ozone,  and  a  tingling,  metallic 
taste.  It  is  still  liquid  at  — ^30*^  C.  ( — 22*^  F.),  but  at  a  temperature 
of  100*^  C.  (212®  F.)  it  rapidly  changes  into  water  and  oxygen.    This 
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change  takes  place  slowly  even  at  ordinary  temperatures.  In  dilute 
solutions  it  is  much  more  stable,  and  may  be  boUed  without  suffering 
decomposition.  The  solutions  of  this  substance  are  decomposed  by 
many  fine  metallic  powders.  In  most  of  its  reactions  it  acts  as  an 
oxidizing  agent.  Ajqgentic  ozide,  however,  is  reduced  to  the  metallic 
state  by  it. 

Tests. — ^To  the  suspected  solution  add  a  little  starch  solution,  then  some  potas- 
sium iodide,  and  finally  a  few  drops  of  a  solution  of  fenx>us  sulphate.  If  any 
hydrogen  peroxide  be  present,  a  blue  color  will  appear.    Very  delicate. 

Uses. — ^Hydrogen  dioxide  is  used  as  a  bleaching  agent  for  the 
hair  and  skin,  converting  brunettes  into  blondes.  It  is  often  used  to 
renovate  old  pictures,  the  whites  of  which  have  become  dingy.  It 
has  been  used  as  a  disinfecting  application  to  ulcers,  in  ozena,  diph- 
theric and  scarlatinal  sore  throats,  or  where  the  membrane  has  in- 
vaded the  nose.  Also  in  abdominal  surgery  to  destroy  the  infectious 
property  of  pus.  It  is  also  used  as  a  test  for  pus  in  urine,  with 
which  it  causes  an  effervescence.  It  also  effervesces  with  blood. 
Mixed  with  ether,  it  forms  the  so-called  "ozonic  ether,"  used  with 
tincture  of  guaiacum  as  a  test  for  blood  coloring-matter,  with  which 
this  mixture  strikes  an  indigo  blue  color. 


OXYGEN  AND  THE  CHLORINE  GROUP,  OR  GROUP  VIL 

Fluorine  forms  no  oxides  or  hydroxides. 

Chlorine  and  Oxygen.— There  are  two  oxides  of  chlorine 
known: 

CLO,  Hypochlorous  Oxide  or  Axihydride. 

€10,  or  01,04,  Chloric  Tetrozide  or  Chlorine  Peroxide. 

They  are  unstable  compounds,  very  prone  to  decomposition,  and 
of  little  importance. 

Hypochlorous  Axihydride,  €1,0,  obtained  by  acting  upon  mercuric  oxide 
with  dry  chlorine,  is  a  blood-red  molnle  liquid  below  5^  C.  (41®  F.). 

HgO  4-  2CI,  -  HgCl,  +  C1,0. 

Above  this  temperature  it  is  a  yellowish,  pungent  gas,  resembling  chlorine  in 
many  of  its  properties.  It  is  a  more  powerful  bleaching  and  disinfecting  agent  than 
chlorine,  owing  to  the  ease  with  which  it  decomposes.  Water  dissolves  200  times 
its  volume  of  the  gas,  forming  a  colorless  solution  of  hypochlorous  acid.  The 
liquid  decomposes  with  a  slight  jar,  or  even  spontaneously,  separating  into  chlorine 
and  oxygen.  The  add  is  unimportant,  but  it  forms  a  series  of  salts  called  hypo- 
chlorites. Liquor  sodm  chlorinate  (U.  S.  P.)  (Labarraaue's  solution)  and 
chlorinated  lime  are  important  compounds,  containing  the  hypochlorites  mixed 
with  the  chlorides  of  the  metals. 
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Chlotiiie  tetroztde,  €1,0^  may  be  obtained,  as  a  yeUow,  explosive  sas,  by 
treating  potassium  chlorate  wntk  strong  sulphuric  add.  It  is  a  powerful  oxidizing 
agent  Below  — 20**  C.  (  — 4°  F.)  it  is  an  orange-red  liquid.  It  forms  no  corre- 
sponding acid. 

Chloric  acid,  HCIO^  and  perchloric  add*  HCIO4,  <^  <^^  known,  but  are 
very  unstable,  and,  like  those  befcure  mentioned,  are  powerful  f^rjAiring  agents. 
Potassium  chlorate  is  the  only  salt  of  note,  which  will  be  described  undernotassium. 

Bromine  and  Oxygen. — ^No  oxides  ci  bromine  are  known.  There  are, 
however,  three  adds  known,  correspondins  to  those  of  chlorine.  They  are  hypo- 
hromous  add,  HBrO,  ttfomic  add,  UBrO„  and  perbromic  aod,  Hfir04. 
They  are  of  little  importance,  and  but  one  salt  of  the  three  adds  is  of  interest  to  the 
physicmn,  and  that  is  sodium  hypobromite,  NaBrO,  used  as  a  reagent  for  the 
estimation  of  urea.  It  is  prepared  in  solution  by  adding  bromine  to  a  solution  of 
sodium  hydroxide,  taking  care  to  keep  the  mixture  cool  by  immersion  in  cold  water. 

2NaOH  +  Br,  -  NaOBr  +  NaBr  +  H,0. 

Iodine  and  Oxygen. — But  one  oxide  of  iodine  is  known  with  certain^r — iodine 
pentoxide  or  iodic  anh3rdride,  1,05.  It  is  fcmned  when  iodic  add  is  heated  to 
170**  C.  (338*^  F.).  Two  oxygen  adds  are  known — iodic,  HIO„  and  periodic, 
HIO4.  A  solution  of  KIO  is  prepared  by  adding  I  to  a  solution  of  KOH.  It  is 
unstable  and  soon  changes  to  KlO,.  The  first  is  obtained  b^  treating  iodine  with 
nitric  add,  and  the  second  by  passing  chlorine  through  a  solution  of  iocune  in  water. 

6H,0  +  I,  +  5CI,  -  loHCl  +  amOr 

The  first,  when  pure,  appears  as  a  white  crystalline  solid,  and  the  second  as 
coloriess  crystals.  Both  are  very  soluble  in  water,  are  easily  decomposed,  and  form 
corresponding  salts. 


SULPHUR. 

S  -  3«  (31^5)  (H  -  1). 

Specific  Gravi^.  a.  Density  of  Vapor,  3a.    Meltsatii5<'C.(a30^F.).  Den- 
sity of  Vapor  at  soo**  C.  (p3a<»  F.),  95.04  -  S^;  at  looo**  C. 
(18330  F.),  31.98  -  S^ 

Occurrence. — Sulphur  was  known  to  the  ancients.  It  occurs  in 
volcanic  regions.  The  most  important  localities  are  Sicily  and  Iceland, 
although  large  quantities  are  found  in  Japan,  in  the  Yellowstone  Park 
in  the  United  States,  and  in  Mexico.  The  sulphiu*  occurs  native, 
mixed  with  clay,  from  which  it  is  separated  by  distillation  or  by  fusion. 
This  element  also  occurs  as  sulphates  in  the  minerals  gypsum, 
CaSO^.aAq,  and  barite,  BaSO^,  and  as  sulphides  of  iron,  copper, 
nickel,  and,  in  fact,  with  many  of  the  metals;  also  as  a  precipitate 
from  sulphur  waters.  The  following  equation  explains  its  deposition 
from  sudi  waters: 

aHaS  +  O,  -  aHjO  +  S,. 

Preparation. — ^It  is  prepared  from  the  native  sulphur,  found 
mixed  with  more  or  less  earth,  in  the  volcanic  regions  of  Sicily,  by 
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distilling  it  from  the  non-volatile  impurities.  A  second  distillation  is 
necessary  to  prepare  the  refined  sulphur  of  the  market.  The  second 
distillation  is  conducted  in  a  retort,  the  vapor  being  carried  into  a 
large  chamber  (Fig.  54),  where,  if  the  process  is  conducted  slowly, 
it  collects  in  the  form  of  a  crystalline  powder  called  flowers  of  sul- 
phur,  or.  sulphur  sublimatum  (U.  S.  P.,  Br.).  If  the  process  is 
conducted  more  rapidly  the  chamber  becomes  hot,  and  the  sulphur 
then  condenses  to  a  liquid  at  the  bottom,  whence  it  is  drawn  off  into 
molds,  forming  ordinary  roll  sulphur  or  brimstone. 


Fig.  S4- — Refining  Sulphur. 


Sulphur  is  also  obtained  in  some  localities  from  iron  pyrites,  by 
piling  it  in  heaps  mixed  with  wood,  to  which  fire  is  applied.  The 
ore  gives  up  a  part  of  its  sulphur,  which  melts  and  runs  into  cavities 
made  under  different  parts  of  the  heap.    3FeS2  =  FejS^  -f  S,. 

Physical  Properties.— Sulphur,  in  its  ordinary  form,  is  a 
lemon-yellow  solid,  melting  at  115°  C.  (239*^  F.)  and  boiling  at 
about  448°  C.  (839^  F.),  giving  off  a  brownish-yeUow  vapor,  which 
in  condensing  returns  directly  to  the  solid  state.  Sulphur  is  brittle, 
nearly  tasteless  and  odorless,  a  non-conductor  of  heat  and  electricity, 
and  generates  negative  electricity  when  rubbed.  It  is  insoluble  in 
water,  and  almost  so  in  alcohol.     It  is  slightly  soluble  in  anilin, 
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phenol,  benzene,  benzine,  and  chlorofonn.  The  best  solvent  is 
carbon  disulphide,  100  parts  of  which  dissolve  46  parts  of  sulphur  at 
ordinary  temperatures. 

Allotropic  Forms. — Sulphur  is  capable  of  existing  in  four  allotropic  modifica- 
tions— two  crystalline  and  two  amorphous  and  plastic.  The  first  variety  is  that 
found  native,  and  occurs  as  octahedra.  It  is  freely  soluble  in  carbon  disulphide, 
from  which  the  crystals  separate  on  evaporation.  The  second  variety  is  produced 
by  crystallization  from  sulphur  melted  at  high  temperatures.  This  variety  occurs 
as  yeUowish-brown,  transparent,  monoclinic  prisms,  of  sp.  gr.  1.98,  soluble  in  car- 
bon disulphide,  and  gradually  changing  into  the  first  variety.  Since  it  crystallizes 
in  two  distinct  forms,  sulphur  is  said  to  be  dimorphous.  Sulphur  melts  at  about 
115°  C.  (2^9°  F.)  to  a  yellowish  liquid;  on  raising  the  temperature  to  about  200°  C. 
(393^  F.),  It  becomes  viscid  and  dark  colored,  and  can  not  be  poured  from  the  vessel; 
at  a  higher  temperature,  approaching  its  boiling  point,  it  agam  becomes  liquid.  If 
sulphur,  in  this  second  liquid  state,  be  suddenly  cooled  by  pouring  into  cold  water, 
it  becomes  a  soft,  plastic,  transparent  mass,  capable  of  being  molded  like  wax.  This 
variety,  like  the  preceding^jgradually  changes  into  the  first  variety,  becoming  opaque, 
yellow,  and  crystalline.  'Die  fourUi  variety  is  a  white,  amorphous  powder,  formed 
along  with  flowers  of  sulphur  when  sulphur  is  distilled  and  suddenly  cooled. 

Chemical  Properties. — ^When  heated  in  the  air,  sulphur  takes 
fire  and  bums  wi&  a  pale  blue  flame,  and  evolves  abundant  fumes 
of  sulphurous  anhydride,  SO,.  It  is  generally  strongly  electronega- 
tive, and  resembles  oxygen  in  many  of  its  compounds.  In  a  few 
compounds  it  is  electropositive.  It  unites  directly  with  many  of  the 
metals,  especially  when  in  the  melted  state,  some  metals  taking  fire 
and  burning  residOy  in  its  vapor.  It  forms  the  basis  of  a  large  and 
useful  class  of  compounds,  many  of  which  resemble  in  composition 
the  corresponding  compounds  of  oxygen. 

Thus,  carbon  disulphide,  CS,,  corresponds  to  carbon  dioxide,  CO,. 
Corresponding  to  hydrogen  oxide,  HjO,  we  have  hydrogen  sulphide, 
HjS;  and  to  cyanic  acid,  CNOH,  we  have  sulphocyanic  acid,  CNSH. 
Corresponding  to  carbonic  acid,  H2CO,,  we  have  sulphocarbonic 
acid,  HjCS,,  in  which  the  sulphur  plays  the  part  of  a  linking  atom. 

Uses. — Sulphur  is  used  in  the  arts,  in  the  manufacture  of  sulphuric 
acid,  H2SO4,  as  a  bleaching  agent  for  straw  and  woolen  goods,  and  in 
the  manufacture  of  matches  and  gunpowder.  In  medicine  it  is  used 
as  a  parasiticide,  and  as  a  gentle  laxative,  although  not  so  frequently 
as  formerly.    It  is  innocuous. 

Official.  Forms.— (i)  Sulphur  sublimatum  (U.  S.  P.,  Br.), 
commercial  flowers  of  sulphur.  (2)  Sulphur  lotum,  washed  sulphur 
(U.  S.  P.).  Flowers  of  sulphur  usually  contain  a  small  quantity  of 
sulphurous  oxide,  which  is  removed  by  digesting  the  powder  for  three 
days  in  a  dilute  solution  of  ammonia  water,  then  thoroughly  washing 
with  water  to  remove  the  ammonia.    (3)  Sulphur    prsecipitatum 
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(U.  S.  P.,  Br.)  is  prepared  by  boiling  sublimed  sulphur  for  one  hour 
with  freshly  slaked  lime  suspended  in  water. 

3Ca(OH),  +  6S,  -  aCaS,  +  CaS,0,  +  3H,0. 

The  filtered  solution  of  CaSj  and  CaS,0,  is  then  diluted  and 
treated  with  dilute  hydrochloric  acid  as  long  as  a  precipitate  forms. 

aCaS,  +  CaSjO,  +  6HC1  -  3CaCl,  +  3H,0  +  6S^ 

The  caldum  chloride,  being  very  soluble,  remains  in  solution. 
The  sulphiu-  must  be  thoroughly  washed  with  water  until  free  from 
add.  It  is  a  fine,  pale-yellow  powder,  easily  suspended  in  water. 
(4)  Unguentum  sulphuris  (U.  S.  P.,  Br.)  contains  fifteen  per  cent,  of 
washed  sulphur  and  eighty-five  per  cent,  of  benzoinated  lard.  The  Br. 
preparation  contains  ten  per  cent  of  sulphur  and  ninety  per  cent, 
of  benzoinated  lard.  Sulphur  lotum  enters  into  pulvis  glycynhizae 
compositus. 

SULPHUR  AND  HYDROGEN. 

Hydrogen  Sulphide. — ^Two  compounds  of  sulphur  and  hydro- 
gen are  well  known — ^hydrogen  sulphide,  H^,  and  hydrogen  per- 
sulphide,  H^,.  The  fast  only  is  of  suffident  interest  to  merit 
description  here.  Hydrogen  sulphide,  hydrosulphuric  acid,  and 
sulphuretted  hydrogen  are  synonymous  terms.  It  is  found  in  vol- 
canic gases,  in  some  mineral  springs,  as  a  result  of  the  decomposi- 
tion of  metallic  sulphides,  or  of  organic  matter  containing  sulphiu*. 
At  an  devated  temperature,  the  two  dements  may  be  made  to 
unite  directly. 

Preparation. — ^The  usual  method  of  preparing  it  is  to  act  upon 
a  sulpUde,  usually  ferrous  sulphide,  FeS,  with  dilute  sulphuric  acid. 

FeS  +  H^O^  -  H^  +  FeSO^. 

Properties. — HjS  is  a  colorless,  transparent  gas,  of  an  unpleasant 
odor  resembling  that  of  rotten  eggs,  soluble  in  water,  to  whidi  it 
imparts  add  properties.  It  is  somewhat  heavier  than  air,  its  density 
being  17  and  its  sp.  gr.  1.177.  At  a  temperature  of  — 70®  C. 
( — 94°  F.),  or  under  a  pressure  of  17  atmospheres  at  10°  C.  (50®  F.), 
it  condenses  to  a  colorless,  mobile  liquid,  which  at  — 85^  C.  ( — 121® 
F.)  becomes  an  ice-like  solid. 

It  bums  with  a  blue  flame,  producing  water  and  sulphurous  oxide 
or  anhydride,  SOj. 

2H^  +  3O,  -  sHjO  4-  2SOa. 

If  the  supply  of  oxygen  is  defident,  H3O  is  produced,  while 
free  sulphur  is  deposited.      It  is  decomposed  by  chlorine,  bromine, 
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iodine,  and  oxidizing  agents  in  general  It  is  also  decomposed  by 
sulphurous  oxide.  A  solution  of  sulphuretted  h3rdrogen  does  not  keep 
long  when  exposed  to  the  air.  The  oxygen  of  the  air  unites  with 
the  hydrogen  of  H^S,  forming  water  and  causing  the  sulphiu*  to  be 
precipitated. 

aH^  +  O,  -  2H,0  +  S^ 

When  the  gas  is  allowed  to  bubble  through  a  solution  of  an  alkaline 
hydroxide^  the  sulphiu*  and  oxygen  exchange  places,  with  the  forma- 
tion of  a  sulphydrate. 

KOH  +  H^  -  KSH  +  H,0. 

Uses. — ^When  H^  is  passed  throu^  a  solution  of  metallic  salt,  it 
forms,  in  many  instances,  a  sulphide  of  the  metal 

CuSO^  +  H^  -  CuS  +  H^O^. 

It  is,  on  this  account,  largely  used  in  the  laboratory  as  a  reagent  in 
qualitative  analysis  for  the  separation  of  the  metals  from  one  another. 
The  metals  whose  sulphides  are  precipitated  by  H^S  in  an  add  solu- 
tion are  silver,  mercurous  mercury,  and  lead  if  not  previously  removed, 
as  they  are  in  the  usual  course  of  analysis.  Also  the  sulphides  of 
gold,  platinum,  arsenic,  antimony,  tin,  copper,  mercuric  mercury, 
bismuth,  and  cadmiiun.  The  sulphides  of  nickel,  cobalt,  iron,  zinc, 
and  manganese  are  not  precipitated  in  an  acid  solution,  but  are  pre- 
cipitated in  an  alkaline  solution.  By  the  use  of  H^S  we  have  a  means 
of  separating  these  two  groups  of  metals.  Minute  quantities  of  H^ 
may  be  detected  by  the  odor,  or  by  the  brown  or  black  color  the  gas 
imparts  to  a  paper  moistened  with  a  solution  of  plumbic  acetate. 

Physiological  Properties. — When  inhaled,  it  is  not  an  irritant, 
but  a  narcotic  poison,  even  when  largely  diluted  with  air.  According 
to  Faraday,  birds  die  in  air  containing  j-^  of  it,  and  dogs  in  air 
containing  j^.  According  to  Letheby,  human  beings  can  not  live 
in  an  atmosphere  containing  more  than  one  per  cent.  Its  action  is 
principally  as  a  reducing  agent  upon  the  haemoglobin  of  the  blood, 
and  prevents  it  from  absorbing  oxygen,  although  it  probably  does 
not  combine  with  it  (Wurtz.)  Hydrosulphuric  acid  is  formed  in 
the  intestines  from  the  decomposition  *  of  albuminous  matters, 
eq>ecially  when  there  is  any  impediment  to  digestion  or  to  the 
onward  movement  of  the  intestinal  contents.  It  also  sometimes 
occurs  in  abscesses,  in  the  urine,  and  in  the  bladder. 

This  gas  is  almost  a  constant  ingredient  in  the  gases  of  sewers  and 
privy-vaults,  existing  free  or  combined  with  ammonium  as  ammonium 
sulphydrate.  Poisoning  by  this  gas  may  be  acute  or  chronic.  The 
latter  is  more  conmion,  producing  a  febrile  state,  with  malaise  and 
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general  debility.  The  fatal  effects  of  sewer-air  are  sometimes  due  to 
this  form  of  poisoning.  Occasionally  this  gas  is  so  concentrated  in 
sewers  that  those  who  enter  them  suffer  with  acute  poisoning,  falling 
almost  instantly,  and,  if  not  rescued,  dying  in  a  short  time.  The 
treatment,  in  such  cases,  should  consist  in  giving  the  patient  pure  air, 
or  oxygen,  with  brandy  and  water.  Chlorine  water,  or  a  mixture  of 
potassium  chlorate  and  dilute  hydrochloric  add,  may  be  administered 
internally.  When  taken  by  the  stomach  it  is  alnM)st  harmless,  and 
in  the  form  of  natural  mineral  water  it  is  a  popular  remedy  for 
rheumatism,  gout,  and  certain  skin  diseases. 

SULFUUR  WITH  CHLORIHEy  BROMIIIE9  AUD  lODDIE. 

Sulphurous  Chloride. — SjC\^  A  yellow,  volatfle,  fuming  liquid,  having  a 
powerful  solvent  power  for  sulphur  and  sulphuric  chloride,  and  formed  by  distilhng 
sulphur  in  an  atmosphere  of  chlorine  gas.  A  solution  of  sulphur  in  this  liquid  is 
used  in  vulcanizing  rubber.  It  is  decomposed  by  water,  but  mixes  with  benzene 
and  carbon  disulphide. 

Sulphuric  cnloride,  SCl^  and  several  oxychlorides  are  known.  Bromine 
unites  directly  with  sulphur  to  form  a  red,  unstable  liquid,  probably  consisting 
mostly  of  SjBr,. 

Iodine  and  sulphur  combine  directly  when  gently  heated,  even  under  water. 

Sulphuris  lodidum  (U.  S.  P.  and  Br.). — When  80  parts  of  iodine  and  20  parts 
of  sulphur  are  heated  together,  they  form  a  steel-gray,  crystalline  mass,  S^„  said  to 
be  a  powerful  remedy  in  certain  skin  diseases.  It  melts  at  60^  C.  (140®  F.),  and  is 
insoluble  in  water.    Other  iodides  have  been  described  but  are  unimportant 

SULPHUR  AUD  OXYGEN. 

The  following  oxides  and  acids  of  sulphur  are  known: 

SO3,  Sulphur  dioxide,  or  Sulphurous  anhydride. 

SjOp,  Sulphur  sesquiozide. 

SOs,  Sulphur  triozide,  or  Sulphuric  anhydride. 

SJJj,  Persulphuric  anhydride. 

1.  H^,  Hydrosulphuric  acid. 

2.  H^SO^  HTposulphurous  acid. 

3.  BjSQ^  Sulphurous  acid. 

4.  HpSO^  Sulphuric  acid. 

5.  H-rSjOp  or  HSO4,  Persulphuric  acid. 

6.  HjSjO^  Thiosulphuric  acid.    (jSalts  only  are  known.) 

7.  H^fO,,  Pyrosulphuric  acid.    If ordhausen  Acid. 

8.  H^S,Oy  *    Dithiomc  acid. 

9.  HjSjOb,  Trithionic  acid. 

10.  HjS^O^,  Tetrathionic  acid. 

11.  HsS^Oa,  Pentathionic  acid. 

A  few  only  of  this  large  number  of  compounds  are  of  sufficient 
Importance  to  be  described  here. 

Sulphurous  Oxide  or  Anhydride,  SO,.— Preparation.~(i)  It 
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may  be  prepared  by  burning  sulphur  in  the  air.  (2)  By  heating  sul- 
phuric acid  with  copper  turnings,  sulphur,  or  carbon. 

Cu  +  2U^O^  «  CUSO4  4-  SO,  +  2H,0. 

According  to  the  U.  S.  P.  and  Br.,  charcoal  is  used: 

aH^O^  4-  C  -  2H,0  +  2SO,  +  CO^ 

Physical  Properties. — A  colorless  gas,  having  a  pungent,  sufifo- 
eating  odor  and  a  disagreeable  add  taste.  It  is  very  soluble  in  water, 
with  which  it  combines  to  form  an  unstable  sulphurous  add,  emitting 
the  odor  of  the  gas. 

SO,  +  H,0  -  H,SO,. 

It  is  very  soluble  in  alcohol.  The  specific  gravity  of  the  official  add  is 
1.035  at  15^  C.  (59**  F.).  The  density  of  the  gas  is  32;  sp.  gr. 
(air  =  i),  2.234.  Below  — 10°  C.  (14°  F.)  it  is  a  colorless,  mobile 
Hquid,  which  solidifies  at  — 75®  C.  ( — 103**  F.). 

Acidum  Sttlphurosum  (U.  S.  P.,  Br.)  b  a  colorless  liquid  containing 
not  less  than  6.4  per  cent,  by  weight  of  sulphur  dioxide).  Not  less  than 
five  per  cent.  (Br.). 

Chemical  Properties. — SO,  is  non-combustible,  and  will  not 
support  combustion  or  respiration.  It  combines  with  water  to  form 
sulphurous  add,  and  hence  is  an  anhydride.  Nascent  hydrogen 
reduces  it  to  H^  and  water.  It  is  a  valuable  reducing  agent,  easily 
taking  up  oxygen  to  form  sulphuric  anhydride  or  add.  It  is  a  bleach- 
ing, disinfecting,  and  deodorizing  agent  of  considerable  value.  It 
bleaches  moist  vegetable  colors,  although  not  permanently  destroying 
them.  The  colors  may  be  restored  by  an  alkaU  or  by  weak  chlorine 
water.  It  is  used  prindpally  for  straw,  silk,  and  woolen  goods.  Its 
bleaching  action  is  due  to  its  absorption  of  oxygen  from  water. 

SO,  +  2H,0  -  H^SO^  +  Hr 

The  nascent  hydrogen  reduces  the  coloring-matter,  with  the  formation 
of  colorless  compounds.  It  decomposes  hydrogen  sulphide  and,  when 
concentrated,  destroys  many  forms  of  microscopic  life,  and  is  much 
used  as  a  disinfectant  of  rooms  after  contagious  diseases.  Although 
not  so  active  as  chlorine,  it  is  preferred,  because  it  does  not  corrode 
metals  or  bleach  fabrics,  if  dry.  To  apply  it,  close  the  room  and 
bum  about  three  pounds  of  sulphur  for  every  1000  cubic  feet  of  air, 
leaving  the  room  closed  for  from  six  to  eight  hours. 

Sulphurous  acid  forms  two  series  of  salts,  the  neutral  and  the  add 
salts.    They  are  used  as  antiferments  or  antizymotics. 

Uses.— The  sulphites  and  thiosulphates  (hyposulphites)  are  used 
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internally,  in  zymotic  diseases,  gastric  fermentations,  sardnae,  etc; 
also  locally,  in  erysipelas  and  poisoned  wounds.  The  sulphites  and 
thiosulphates  of  the  alkaline  metals  are  used  for  the  same  indications 
as  the  add.  Thiosulphate  of  sodium  is  prepared  by  digesting  sulphur 
with  sulphite  of  sodium.  It  is  used  in  photography  and  dectrometal- 
lurgy,  as  a  solvent  for  the  silver  salts.  Dose  of  the  official  add,  i  to 
4  C.C.  (n^xv  to  f3j),  largdy  diluted.  Dose  of  sodium  sulphite  or  thiosul- 
phate, 0.65  to  3.0  (gr.  X  to  gr.  1). 

Sulphtiric  anhydride,  SO,,  is  obtained  by  distilling  Nord- 
hattsen  acid,  as  white,  silky  prisms,  hissing  when  dropped  upon 
water,  from  the  energy  with  which  they  combine.  Sulphuric  anhydride 
is  also  made  in  large  quantities  by  passing  purified  SO,  and  air  through 
cylinders  containing  a  mixture  of  finely  divided  platinum  and  asbestos. 
The  SO,  and  oxygen  of  the  air  combine  directiy  to  form  SO,.  By 
conducting  the  fumes  into  weak  sulphuric  add  an  add  of  any  desired 
strength  may  be  prepared.  The  crystals  mdt  at  18.3®  C.  (65^  F.) 
and  boil  at  43°  C.  (110°  F.).  It  does  not  redden  dry  litmus  paper. 
It  has  a  powerful  affinity  for  water,  absorbing  it  from  the  atmosphere. 

Sulphuric  Acid,  Hydrogen  Sulphate,  Oil  of  Vitriol,  Acidum 
Sulphuricum. — HjSO^  =  98.07.  The  commerdal  add  is  prepared 
in  large  quantities  directly  from  iron  pyrites.  The  process  is  con- 
ducted in  large  chambers  lined  with  sheet-lead.  Into  these  chambers 
sulphurous  oxide  pours  from  a  furnace  in  which  the  pyrites  is  roasted, 
along  with  a  free  supply  of  air.  In  some  factories  sulphur  is  burned 
to  supply  the  SO,,  as  it  furnishes  a  purer  add,  although  it  is  more 
expensive.  The  acid  made  from  pyrites  very  often  contains  appre- 
ciable quantities  of  arsenic. 

S,  +  2O,  -  2SO,. 

In  the  same  furnace  is  placed  a  crucible  containing  sodium  nitrate 
and  sulphuric  add,  for  the  purpose  of  preparing  and  volatilizing 
nitric  acid,  which  is  carried  into  the  chamber  with  the  SO,  and  air. 

2NaNO,  +  HaSO^  -  Na^SO^  +  2HNO,. 

The  nitric  add  unites  with  a  portion  of  the  SO,  to  form  nitrosyl- 
sulphuric  add. 

(I)    2HNO,  +  2SO,  -  2SO,<gi;No. 

This  nitrosyl-sulphuric  add  reacts  with  the  water  thus  produced, 
and  with  more  water  which  is  supplied  by  a  jet  of  steam  thrown  con- 
stantly into  the  chamber,  as  follows: 

(2)    2SO,.OH.NO,  +  H,0  -  aH^O,  +  NjO^ 
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Or,  with  SOp  O^  and  H,0,  as  follows: 

(3)    aSO^OHJ^O,  +  SO,  +  O  +  H,0  -  3H^04  +  N.O,. 

The  N,0,  is  then  ready  to  react  with  a  fresh  quantity  of  SO,  as 
follows: 

(4)    2SO,  +  N,0,  +  O  +  H,0  -  aSO^OH.NO^ 

Thus  the  process  is  kept  up  as  long  as  the  SO,,  air,  steain,  and 
HNO,  or  NjOj  are  supplied.  The  add  condenses  with  the  water 
on  the  floor  of  the  chambers,  and  when  it  reaches  a  sp.  gr.  of  1.55 
(chamber  acid)  it.is  drawn  off  into  large  leaden  pans  and  evaporated 
to  a  sp.  gr.  of  1.746  (pan  acid),  containing  seventy-eight  per  cent, 
of  H,SO^,  when  it  begins  to  dissolve  the  lead.  It  is  then  drawn  off 
into  platinum  stills  and  the  concentration  completed. 

Properties. — ^The  commercial .  add  is  a  heavy,  corrosive,  oily 
liquid,  often  of  a  brownish  tint,  and  has  a  sp.  gr.  of  1.83  to  1.845. 
It  mixes  with  water  in  all  proportions,  combining  with  a  certain  quan- 
tity to  produce  at  first  H^SO^  and  finally  orthosulphuric  add,  H^O,, 
with  the  evolution  of  considerable  heat.  The  concentrated  add  ab- 
sorbs moisture,  and. is  used  as  a  desiccating  agent.  Gases,  allowed 
to  bubble  through  it,  are  deprived  of  their  moisture.  It  chars  organic 
matter  and  corrodes  animal  tissue.  Paper  dipped  in  a  cooled  mixture 
of  two  parts  of  the  add  and  one  of  water,  and  then  quickly  washed, 
is  converted  into  parchment  paper.  Starch  or  cellulose,  when  boUed 
with  the  dilute  add,  is  changed,  by  hydrolysis,  into  glucose  or  grape- 
sugar,  and  cane-sugar  into  dextrose  and  levulose.  In  this  action  it 
bdbaves  like  the  soluble  ferments,  diastase,  pepsin,  trypsin,  etc.,  and 
illustrates  the  so-called  catalytic  action  of  certain  bodies.  The  dilute 
add  is  a  solution  of  H^O^  in  water.  On  boiling  this  with  the  above- 
^lamed  bodies,  it  imparts  a  portion  of  its  water  to  the  organic  body,  and 
takes  up  more  water  from  the  solution  to  supply  its  place.  Sulphuric 
add  is  a  powerful  dibasic  add,  forming  a  series  of  salts  called  sul- 
phates, all  containing  the  SO4  group  of  atoms.  It  also  forms  a  series 
of  add  sulphates — HKSO^,  HNaSO^.  Owing  to  the  powerful  afi&nities 
of  this  add,  it  usually  removes  the  metal  or  positive  radical  from  the 
salts  with  other  adds  and  sets  the  latter  free.  It  forms  insoluble  pre- 
cipitates with  solutions  of  barium,  lead,  strontium,  and  with  calcium 
in  concentrated  solutions.  This  should  be  remembered  in  adding  it 
to  prescriptions.    The  other  sulphates  are  soluble  in  water. 

Medical  Effects.— When  dilute,  it  is  tonic  and  -astringent. 
When  concentrated,  or  in  large  doses,  it  is  a  corrosive  poison.  Anti- 
dote: lime,  magnesia,  sodium  bicarbonate,  or  other  alkaline  body;  best 
given  in  milk. 

Official  Forms.— Acidmn  sulphuricum  (U.  S.  P.,  Br.).     Spe- 
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cific  gravity  not  below  1.826  at  25®  C.  (77®  F.).  Used  only  in  making 
other  preparations.  It  contains  not  less  than  92.5  per  cent  by  weight 
of  absolute  sulphuric  add.  It  is  a  colorless,  inodorous,  and  very 
corrosive  liquid,  having  an  oily  consistency  and  a  very  strong  add 
reaction.  Acidum  sulphuricum  dilutum  (U.  S.  P.,  Br.).  Specific 
gravity,  1.067  ^^  ^S^  C.  (77*^  F.),  containing  not  less  than  10  per  cent 
H2SO4.  B.  P.,  sp.  gr.  1.094,  containing  13.6  per  cent  H^SO^.  Acidum 
stdphuricum  aromaticum  (U.  S.  P.,  Br.)  should  contain  not  less 
than  20  per  cent,  of  absolute  sulphuric  acid.  B.  P.  add  contains 
13.8  per  cent  H3SO4.  It  b  an  alcoholic  solution,  containing  also 
tincture  of  ginger  and  oil  of  cinnamon.  It  contains  ethyl-sulphuric 
add. 

H   —  0>. 


C  JH.  —  p 


>SO, 
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Tests  for  Sulphuric  Add  and  Sulphates«~i.  Barium  diloride  gives  a  white 
predpitate,  insoluble  in  all  acids. 

2,  head  acetate  gives  a  white  predpitate,  slightly  soluble  in  hot  concentrated 
adds. 

3.  An  insoluble  sulphate  may  be  detected  by  fusing  it  with  some  sodium  and 
potassium  carbonate,  dissolving  out  the  alkaline  sulphate  with  water,  and  testing  with 
barium  chloride. 

Fuming  mlphuriCy  pyrosulphuriCy  or  Nordhausen  sulphuric 
acidy  H2S2O7,  is  obtained  by  distilling  ferrous  sulphate.  The  first 
portions  are  a  white,  crystalline  solid,  fusing  at  35^  C.  (95^  F.)  and 
having  the  above  composition. 

The  commercial  add  is  a  brown,  oily  liquid,  hissing  when  dropped 
into  water.  Some  chemists  regard  it  as  a  solution  of  SO,  in  H^SO^. 
When  heated,  it  gives  off  SO,  and  H^SO^. 

It  is  used  in  manufacturing  alizarin,  eosin,  etc.,  and  as  a  solvent  of 
indigo.    It  forms  a  series  of  salts  calleid  disulphates  or  p3nx>sulphates. 

Persttlphuric  Add. — H;S,0,.  The  potassium  salt  of  this  add  is  formed  by 
electroljTsis  of  a  saturated  solution  of  potass,  sulphate  in  sulphuric  add  of  x.3  sp.  gr.» 
when  the  following  reactions  take  place: 

K^O^  +  H^O^  -  2HKSO4. 

+  — 

By  electrolysis:  2HKSO4  -  H,  +  2KSO4. 

llie  salt  concentrates  about  &e  anode  and  separates  as  a  white  crystalline 
mass,  soluble  with  difficulty.  The  barium  salt  is  soluble.  The  sohition  of  K^O, 
in  H^04  is  known  as  Carols  liquid*  It  has  very  strong  oxidizing  powers,  and  prob- 
ably contains  the  add  H^O,  -^~^;;;^>^0^ 
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The  fhiosnlphoric  acids  are  unstable  and  unimportant.    Sodium 
thiosulphate  is  treated  of  among  the  salts  of  sodium. 

Selenium  and  Tellurium. 
Se,  78.87.  Te,  125. 

These  elements  aie  rare  and  of  no  special  mterest  to  the  physician 
or  pharmacist 


GROUP  v.— NON-METALLIC  ELEMENTS, 

OR 

HITROGEN  GROUP. 

Nitrogen,  H  -    14.04  III  or  V.  * 

Phos^iorus,  P  —    31.02  III  or  V. 

Arsenic,  At  —    75.OX  III  or  V. 

Antimony,  Sb  -120.43  III  or  V. 

Bismuth,  Bi  -208.11  III  or  V. 

Group  Characteristics.— A  well-defined  group,  with  nitrogen  at 
die  negative  end*  and  bismuth  at  the  positive.  The  atomic  weights 
form  a  graded  series  from  14  to  208.  The  first  is  a  gas;  the  second 
a  volatile  solid;  the  third  a  volatile,  crystalline,  metallic-looking  body, 
showing  a  slight  tendency  to  alloy  with  metals  and  combine  with  acids; 
the  fourth  less  easily  volatilized,  crystalline,  possessing  a  brilliant, 
metallic  luster,  allo3ring  with  metals,  and  showing  a  tendency  to  act 
the  positive  r61e  with  acids;'  the  fifth,  also  crystalline,  having  a  metal- 
lic luster,  and  showing  more  marked  positive  tendencies.  They  are 
all  both  triad  and  pentad,  and  form  two  series  of  compounds. 

The  foUowing  will  esdiibit  the  relations  of  some  of  the  most  impor- 
tant compounds: 

Hydrides.                  Chloridet.                          Oxidet.                             Sulphides. 
NH,  NCI,      ...  N,0;,      N/),  

pa  PCI,   pa,  p,q-     p,q.  pa,  pa 

AsH,  AsCl„  AsCl,  Aa,(5„     ALO,  AsA»  A%S, 

SbH,  SbCl,  SbCl,  Sb^Op     Sb^O,  SbA  SbA 

BiCl,     ...  Bi,Op      Bi,0,  Bi^lS,    ... 

NITROGEN. 

8yiiibol,H.   Atomic  Weight,  14.   Valence.  I,  m,  or  V.   Density,  14.  Weight 
of  one  liter,  x  .256  grams.    Specinc  Gravity  (air  —  x ) ,  0.97X . 

Occurrence. — ^It  exists  free  in  the  air,  mixed  with  oxygen  and 
small  quantities  of  other  inert  gases.    It  is  also  found  free  in  the  gases 
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of  the  stomach,  the  large  and  small  intestines,  the  blood,  the  urine, 
etc.  Combined,  it  occurs  as  native  nitrates  of  potassium,  sodium, 
and  calcium.  It  enters  into  the  composition  of  ammonia  and  vegetable 
and  animal  bodies. 

It  was  discovered  in  1772  by  Rutherford,  who  called  it  "mephitic 
air." 

Preparation.— It  is  prepared  from  the  air  by  burning  phosphorus 
in  a  confined  space  until  the  oxygen  is  removed  (Fig.  55),  or  by  passing 
air  over  copper  or  iron  turn- 
ings heated  to  redness;  the 
nitrogen  prepared  by  both 
methods  contains  small  quan- 
tities of  other  gases  found  in 
the  air.  To  prepare  it  pure, 
heat  ammonium  nitrite,  NH^- 
NO„  in  a  flask  or  retort  and 
collect  the  gas  over  water. 

NH,NO,  +  heat  -  2H,0  +  N^ 

Properties.— A  color- 
less,  transparent,  odorless, 
tasteless,  incombustible  gas, 
not  a  supporter  of  combus-  ^ '<».  ss- 

tion  or  of  animal  respira- 
tion. It  is  not  poisonous;,  very  sparingly  soluble  in  water  or 
alcohol.  One  part  of  water  dissolves,  at  the  ordinary  temperature 
and  pressure,  0.025  part  of  this  gas.  Chemically,  nitrogen  is  charac- 
terized by  its  inertness.  It  unites  directly,  at  high  temperatures,  with 
magnesium,  boron,  vanadium,  and  titanium,  forming  nitrides.  A 
mixture  of  magnesium,  in  powder,  4  parts;  lime,  CaO,  10  parts;  and 
metallic  sodium,  i  part,  absorbs  nitrogen  very  readily  when  heated 
with  it  in  a  closed  space  (Hempel).  Indirectly,  it  forms  a  great  number 
and  variety  of  compounds,  many  of  which  are  unstable.  Under  the 
influence  of  electrical  discharges,  nitrogen  can  be  caused  to  unite  with 
hydrogen  to  form  ammonia,  NH,,  and  with  oxygen  to  form  nitrous 
oxide.  From  this  source  some  of  the  nitrogenous  products  necessary 
to  sustain  plant  life  are  primarily  derived. 


THE  ATMOSPHERE. 

The  atmosphere  is  a  colorless,  invisible,  odorless  mixture  of  gases 
which  surrounds  the  earth.    It  is  very  elastic,  and  is  therefore  most 
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dense  nearest  the  earth's  surface,  upon  which  it  exerts  a  pressure  of 
about  fifteen  pounds  to  every  square  inch.  Owing  to  the  difference 
in  the  densities  of  the  different  gases,  it  is  believed  that  the  composition 
of  the  air  changes  as  we  ascend.  It  has  been  calculated  that  at  thirty 
miles  from  the  earth  the  atmosphere  contains  about  ten  per  cent,  of 
oxygen.  The  nitrogen  at  sixty  miles  has  been  estimated  to  constitute 
four  per  cent,  of  the  air.  Above  this  helium  is  more  abundant  than 
nitrogen,  composing  the  auroral  atmosphere,  which  gradually  gives 
way  to  the  hydrogen  atmosphere.  Air  was  first  weighed  by  Otto 
Gerecke.  One  thousand  cubic  centimeters  of  air  at  o**  C.  and  760 
miUimeters  of  pressure  weigh  1.293  grams.  It  is  14.44  times  as  heavy 
as  hydrogen. 

The  atmosphere  is  composed  principally  of  nitrogen  and  oxygen, 
mixed  together  in  the  proportion  of  20.61  parts  of  oxygen,  by  volume, 
to  77.9s  parts  of  nitrogen,  and,  by  weight,  23  parts  of  oxygen  to  76 
parts  of  nitrogen.  The  exact  amount  of  argon,  krypton,  helium, 
xenon,  and  neon  present  in  air  is  not  certainly  known,  but  the  com- 
bined gases  constitute  about  one  per  cent. 

Although  air  is  a  mixture  and  not  a  definite  compound,  it  is  remark- 
ably constant  in  composition.  Regnault  found  in  233  analyses  of 
air,  at  different  times  and  places,  that  the  percentage  of  oxygen  by 
volume  varied  between  20.908  and  20.999.  The  composition  has  not 
changed  since  the  first  accurate  analyses  were  made. 

That  air  is  a  mixture  is  proved  by:  First,  its  gases  are  not  present  in  the  pro- 
portion of  their  atomic  weights;  second,  an  air  answering  to  all  the  properties  of  the 
atmosphere  can  be  made  by  a  mechanical  mixture  of  the  gases;  third,  solvents  for 
oxygen,  as  an  alkaline  solution  of  pyrogallic  acid,  remove  this  gas  from  the  air; 
fourth,  each  gas  dissolves  in  water  independently  of  the  other,  and  with  its  own 
solubility;  thus,  by  expelling  the  air  from  water,  by  boiling,  and  analyzing  it,  we 
find  it  to  correspond  to  that  calculated  from  the  known  solubility  of  the  two  gases. 
(Sec  p.  63.) 

The  analysis  of  the  air  expelled  from  water  shows  thirty-three  per  cent,  of  oxygen 
and  sixty-seven  per  cent,  of  nitrogen;  it  is,  therefore,  much  richer  in  oxygen  than 
the  atmosphere.  Owing  to  the  rapid  diffusion  of  the  gases,  the  disturbances  in  com  - 
position  due  to  the  respiration  of  animals  and  to  manufacturing  processes  are  soon 
restored.  • 

Besides  the  two  chief  gases  found  in  the  au-,  there  are  various  other 
ingredients  found  in  smaU  quantities,  as  argon,  and  the  other  newly 
discovered  gases,  hydrogen,  watery  vapor,  carbon  dioxide,  ozone, 
ammonia,  nitric  and  nitrous  acids,  hydrocarbons,  solid  particles  of 
dust,  sodium  chloride,  vegetable  germs  or  spores,  bacteria,  etc.  Air 
in  which  animals  are  confined  also  contains  some  organic  matter, 
exhaled  from  their  bodies.  In  the  neighborhood  of  large  cities,  vari- 
ous other  substances  are  poured  into  the  air  from  manufacturing 
establishments. 


150  MEDICAL  CHEMISTRY. 

The  essential  ingredients  are  oxygen,  nitrogen,  carbon  dioxide, 
and  watery  vapor.  The  rest  of  those  enumerated  may  be  r^aided 
as  accidental  constituents. 

Liquid  Air. — Liquid  air  is  now  made  by  machinery  on  a  com- 
mercial scale.  It  is  condensed  at  a  great  pressure,  and  then  a  portion 
of  it  is  aUowed  to  escape  through  a  smaU  opening.  The  low  tem- 
perature generated  by  the  sudden  expansion,  assisted  by  the  compres- 
sion, liquefies  the  remaining  portion.  Liquid  air  is  a  dear,  trans- 
parent, bluish  liquid;  sp.  gr.,  0.9.  It  is  usually  slightly  cloudy  from 
the  presence  of  smaU  particles  of  frozen  moisture  and  frozen  CO,. 
These  may  be  removed  by  filtration  through  paper.  The  liquid  boils 
at  about  — 191*^  C.  (—376®  F.),  the  nitrogen  passing  off  more  rapidly 
than  the  oxygen,  so  that  the  remaining  liquid  becomes  richer  in  oxygen 
as  the  evaporation  proceeds,  reaching  about  50  per  cent  Near  the 
end  of  the  evaporation  the  rarer  gases  are  present  in  a  comparatively 
concentrated  form.  Soft  organic  substances  and  the  metals  become 
hard  and  brittle  when  dipp^  in  the  liquid.  Bacteria  are  not  killed 
when  treated  with  the  liquid.  It  can  not  be  stored  in  closed  vessels 
at  ordinary  temperatures  and  can  not  be  kept  long.  The  application 
of  liquefied  air  to  the  treatment  of  lupus  and  epithelioma  has  met 
with  some  success. 

Watery  Vapor. — The  proportion  of  watery  vapor  in  the  air 
varies  considerably  with  the  temperature  and  locality.  The  air  is 
seldom  saturated  in  the  daytime,  and  contains  less  inland  than  near 
large  bodies  of  water.  The  higher  the  temperature  of  the  air,  the 
more  moisture  it  will  hold;  thus,  at  o®  C.  (32*^  F.)  i  cubic  meter  (1.3 
cubic  yards)  is  saturated  by  5.4  gm.  (83.3  grs.)  of  water,  and  at  25®  C. 
(77*^  F.),  the  ordinary  temperature,  it  requires  22.5  gm.  (347  grs.). 
Or,  at  77*^  F.  i  cubic  yard  will  be  saturated  by  267  grs.  of  water,  and 
I  cubic  foot  by  about  10  grs.  In  reality,  the  air  will  seldom  be  found 
to  contain  more  than  60  or  70  per  cent,  of  this  amount.*  When  i 
cubic  meter  (1.3  cubic  yards)  of  an  atmosphere  saturated  at  25®  C.  (77® 
F.)  is  cooled  down  to  0°  C.  (32®  F.),  it  will  deposit,  as  dew,  rain,  or 
frost,  22.5  —  5.4  =  17. 1  gm.  (263.8  grs.).  The  temperature  at  which 
air  begins  to  deposit  its  moisture,  on  being  cooled,  is  called  the  dew 
point. 

The  dew  point  will  depend  upon  the  amount  of  water  actually  present  in  the  air. 
The  amount  of  moisture  is  determined  by  passing  a  known  volume  of  air  through 
tubes  containing  calcium  chloride,  which  absorbs  the  water.  The  increase  in  the 
weight  of  the  tubes  gives  the  weight  of  water.  The  amount  of  vapor  in  air  varies 
from  0.3  to  1.6  per  cent,  by  volume.    The  dampness  of  the  air  does  not  depend  upon 

♦  By  percentage  of  humidity,  in  meteorology,  is  meant  the  ratio  between  the 
actual  moisture  present  and  that  required  to  saturate  the  air  at  that  temperature. 
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the  amount  of  water  it  contains,  but  upon  the  degree  of  saturation.  A  cold,  damp 
air,  when  heated,  becomes  dry;  hence  the  necessity  of  supplying  moisture  to  the 
heated  air  in  our  rooms  in  winter.  The  air  of  living  rooms  usiially  contains  but 
35  per  cent,  of  that  necessary  to  satiurate  it.  A  very  dry  air  irritates  the  air- 
passages,  produces  dryness  of  the  skin  and  malaise.  A  very  moist  atmosphere 
checks  evaporation  from  the  skin  and  lungs,  raises  the  bodily  temperature,  and 
soon  becomes  oppressive.  A  damp  air  favors  the  growth  of  many  varieties  of 
disease-producing  organisms,  as  tnose  of  cholera,  typhoid  fever,  grippe,  and 
probably  tuberculosis. 

Carbon  Dioxide. — The  average  amount  of  carbon  dioxide,  CO,, 
in  country  air  is  4  parts  in  10,000,  and  varies  from  3  to  6  parts.  It 
is  greater  near  large  cities  and  manufactories;  greater  during  the 
ni^t  than  the  day  on  land,  and  the  reverse  on  the  ocean.  Plants 
remove  it  from  the  air  in  the  day-time,  and  the  cooler  water  at  night 
absorbs  more  than  the  warmer  water  during  the  day.  (See  Carbon 
Dioxide.)  • 

Ammonia. — ^This  exists  in  the  air,  in  very  minute  quantities,  principally  in  the 
form  of  carbonate,  the  result  of  the  decomposition  of  animal  and  vegetable  organic 
matters.  It  is  especially  evolved  from  urinals,  privy-vaults,  and  horse-stables.  It 
is  washed  out  of  the  air  by  falling  rain,  and  is  taken  up  from  the  soil  by  plants. 

Nitric  and  nitrous  acids  occur  in  extremely  minute  quantities,  and  are  pro- 
duced by  the  direct  union  of  oxygen  and  nitrogen,  in  the  presence  of  watery  vapor, 
under  the  influence  of  discharges  of  lightning.  They  exist  principally  in  combina- 
tion with  ammonium. 

Hydrocarbons,  the  principal  one  of  which  is  marsh-gas,  are  frequently  found 
in  the  air  of  cities,  coal-mines,  wells,  and  swampy  districts.  Marsh-^  is  produced 
by  the  decomposition  of  vegetable  matter  under  water,  and  in  some  industrial  proc- 


Accidental  Gases  in  the  Air. — ^The  ^ases  generated  in  certain  manufacturing 
processes  are  sometimes  allowed  to  escape  into  the  air.  Some  of  these  are  harmless 
and  others  hurtful.  Among  the  flxst  class  may  be  mentioned  carbon  dioxide, 
when  not  in  too  laige  quantities,  and  ammonia.  To  the  second  class  belong 
hydrogen  sulphide,  ammonium  sulphydrate,  sulphurous  oxide  in  large  quan- 
tities, vapors  of  mineral  adds,  carbon  disulphide,  etc. 

Hydrogen  sulphide,  or  sulphuretted  nydrogen,  H^,  is  found  in  certain 
tunnels  and  mines,  caused  by  the  decomposition  of  iron  pyrites.  It  is  also  found  in 
the  air  of  some  marshes  and  of  sewers. 

The  symptoms  produced  by  breathing  small  quantities  of  this  gas  are  those  of 
debility  and  anemia;  in  larger  quantities,  headache,  vertigo,  weak  pulse,  sweating, 
and  prostration. 

Ammonium  sulphydrate,  NH4HS,  produces  nearly  the  same  symptoms  as 
hydrogen  sulphide.  It  occurs  in  the  air  of  sewers  and  privy-vaults.  Both  these 
substances  are  easily  destroyed  by  chlorine  or  sulphurous  oxide. 

Sulphurous  oxide,  SO,,  unless  in  considerable  quantities  and  in  a  closed  room, 
does  not  seem  to  have  any  deleterious  effect  upon  the  workmen.  In  bleachers  it 
sometimes  produces  irritation  of  the  bronchial  tubes. 

Hydrochloric  acid,  nitric  acid,  and  chlorine  in  considerable  quantities  are 
very  irritating  to  the  lungs  and  conjunctiva. 

Carbon  disulphide,  CS^  produces  unpleasant  and  deleterious  effects  upon 
workmen  exposed  to  air  containing  it,  as  headache,  giddiness,  nervous  depression, 
and  loss  of  appetite. 
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Suspended  Matters. — A  great  variety  of  solid  particles,  or  dust,  are  found  in 
the  air  at  all  times.  These  consist  of  fragments  of  wood,  textile  fabrics,  metals,  etc., 
pollen  of  plants,  spores  of  bacteria,  etc.  These  suspended  particles  may  be  regarded 
as  impurities,  and  many  of  them  are  injurious  to  health.  Workmen  in  various  trades 
are  seriously  affected  by  the  dust  to  which  they  are  exposed;  as  miners,  especially 
of  lead  and  coal;  grinders  of  metal,  wool-sorters,  rag-pickers,  feather-dressers,  etc. 
The  irritation  of  the  dust  of  these  and  other  trades  may  cause  chronic  bronchitis, 
emphysema,  phthisis,  or  chronic  poisoning.  Germs  of  various  kinds  are  believed 
to  cause  many  of  the  contagious  diseases,  and  may  be  carried  some  distance  in 
the  air.  Some  of  these  germs  seem  to  be  easily  oxidized,  while  others  are  very 
persistent  The  best  disinfectants  for  their  destruction  are  free  ventilation,  and 
consequent  dilution  with  dry  air,  chlorine,  bromine,  iodine,  and  sulphurous  oxide. 

Disinfectants,      Germicides^      Antiseptics,      Deodorizers. — 

The  presence  of  odors  and  organized  "germs"  in  the  air  often  re- 
quires the  use  of  one  of  the  above  agents.  Disinfectants  are  a  class 
of  bodies  which  are  supposed  to  destroy  the  germs,  and  thus  prevent 
them  from  causing  their  specific. action  either  upon  the  human  body 
or  in  decomposable  organic  bodies  or  solutions. 

The  most  efficient  of  these  is  heat.  Organized  germs  may  be  fil- 
tered from  the  air  by  passing  it  through  cotton-wool;  or  they  may  be 
removed  by  inclosing  the  air  in  a  tight  box  or  chamber  the  insides 
of  which  are  moistened  with  glycerin  (Tyndal).  Among  the  gaseous 
disinfectants  most  used  are  ozone,  chlorine,  bromine,  iodine,  formalde- 
hyde, sulphurous  oxide;  of  solids,  mercuric  chloride,  the  chlorides  of 
zinc,  aluminium,  magnesium,  and  calcium;  potassium  chlorate,  potas- 
sium permanganate;  carbolic,  boric,  cresylic,  and  sulphuric  acids; 
thymol,  menthol,  camphor,  etc. 

Antiseptics  are  agents  which  retard  or  entirely  prevent  putrefac- 
tion or  the  growth  of  microscopic  organisms.  While  disinfectants 
destroy  the  cause  of  infection,  antiseptics  prevent  the  development 
of  these  causes.  Low  temperature  retards  putrefaction,  and  is,  there- 
fore, an  antiseptic  agent.  These  two  terms  are  frequently  used  inter- 
changeably. 

A  germicide  is  an  agent  which  has  the  power  of  killing  the  germs. 
A  disinfectant  destroys  the  infectious  properties  of  septic  matter, 
whether  these  be  due  to  germs  or  to  some  other  agent. 

Asepsis  is  a  condition  of  entire  absence  of  any  germs  or  cause  of 
infection.  Deodorizers  are  bodies  used  to  destroy  offensive  odors. 
They  may  be  either  solid,  liquid,  or  gaseous.  Solids — dry  earth, 
lime,  charcoal,  ferrous  sulphate;  carbolates  of  calcium,  sodium,  and 
magnesium.  Liquids — solutions  of  plumbic  nitrate  (Ledoyen's 
fluid),  zinc  chloride  (Burnett's  fluid),  potassium  or  sodium  perman- 
ganate (Condy's  fluid) ;  a  mixture  of  copper  and  zinc  sulphates 
(Lenande's  disinfectant);  solutions  of  ferric  chloride,  of  ferrous  sul- 
phate, hypochlorites,  etc.,  are  among  the  best  known.    Gases — ^puie 
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air,  formald^yde,  ozone,  chlorine,  bromine,  and  sulphurous  oxide  are 
the  most  effective.  Fumigations  with  tar,  herbs,  and  various  aromatic 
substances  only  disguise  the  offensive  odors,  but  do  not  destroy  them. 
The  ordinary  offensive  odors  are  due  to  hydrogen  sulphide,  H^, 
ammonium  sulphydrate,  NH^HS,  phosphorous  hydride,  PHj,  and  com- 
plex ammonium  compounds.  Chlorine,  ozone,  and  m'trous  oxide  will 
destroy  these  gases  by  oxidation,  and  thus  destroy  the  odor. 

It  should  be  remembered  that  these  odors,  in  themselves,  may  not  be  injurious 
to  health  when  in  small  quantity,  but  they  serve  to  warn  us  of  the  presence  of  prod- 
ucts of  putrefaction  which  accompany  them,  and  which  are  injurious.  Offensive 
odors  may  indirectly  affect  the  health  by  preventing  sleep  or  the  enjoyment  of  peace 
and  comfort,  or  cause  loss  of  appetite.  The  fact  that  efficient  disinfection  of  the  air 
can  prevent  the  spread  of  the  contagion  of  xlisease  is  well  known.  Formaldehyde, 
chlorine,  and  sulphurous  oxide  are  the  agents  most  in  use,  and  of  these  the  first  is 
very  much  to  be  preferred. 

It  is  doubtful  whether  organized  germs  in  the  air  can  be  destroyed  by  any  disin- 
fectants, except  in  tightly  closed  rooms.  The  attempt  to  disinfect  the  air  of  rooms 
with  the  various  so-called  "  disinfectants ''  of  the  market  is  worse  than  useless.  It 
ex^nders  a  feeling  of  security  where  there  is  none.  These  floating  germs  can  cer- 
tainly stand  as  much  as,  and  in  most  cases  more  than,  man,  and  therefore  no  room 
can  be  disinfected  while  it  is  occupied  by  human  beings.  The  author  has  found  by 
experiment  that  most  of  the  ordinary  antiseptics,  when  diffused  through  the  air  of  an 
ordinary  room,  are  almost  without  action  on  putrefactive  bacteria,  unless  the  quan- 
tity be  great  enough  to  make  the  air  irrespirable. 

Tl^  following  table  shows  the  amount  of  water  it  is  necessary  to  add  to  one  part 
of  the  substance  named,  which  barely  permits  the  development  of  bacteria  in  meat- 
infusions,  according  to  M.  Jalan  de  la  Croix: 

Water.  I  Water, 

X  Fart.                                                     Parts.  |      x  Pftrt.  Puts. 

Akohol, 30  ;  Oil  of  mustard, 5,734 

Chloroform, 134  j  Sulphurous  add, 7,534 


Borax, 107 

Eucalyptol, 3°^ 

Phenol  (carbolic  add), 1,002 

Thymol  2,229 

Potass,  permanganate, 3,041 

Picric  acid, 3,041 

Borated  sodium  salicylate, 3,377 

Benzoic  add, 4,020 


Aluminium  acetate, 7,535 

Salicylic  acid, 7*677 

Mercuric  chloride, 8,358 

Caldum  hypochlorite, i3»092 

Sulphuric  add, 16,782 

Iodine, 20,020 

Bromine, 20,875 

Chlorine, 34,509 


Devaine  says  of  iodine  that  i  part  to  12,000  destroys  the  contagion  of  charbon 
and  I  :  10,000  that  of  septic  blood.  Billroth  says  mercuric  chloride  i  :  20,000, 
th3nnol  and  benzoate  of  sodium  i  :  2000,  and  benzoic  add  and  creasote  i  :  1000 
prevent  the  development  of  bacteria.  Koch  says  of  mercuric  chloride  that  i  :  15,000 
kills  most  micro-organisms  and  i  :  1000  destroys  resting  spores.  Formaldehyde 
I  :  i5,ooadestroys  most  living  germs. 

The  results  of  different  experimenters  are  so  widely  discordant  that  we  make 
DO  attempt  to  recondle  them.  The  following  table  represents  the  results  of  ex- 
periments widi  commercial  disinfectants.  The  first  column  dves  the  percentage 
of  the  agent  necessary  to  kill  anthrax  and  tiacilltts  subtilis  m  aqueous  solution. 
The  second  gives  the  percentage  of  the  agent  which  failed  to  produce  this  result: 
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List  of  Commercial  Disinfectants  (Slernkerg). 


Name. 


Little's  Soluble  Phenyle,^ 

Labarraque's  Solution  (U.  S.  P.)»-  -.'... 

Liauor  Zind  Chloridi  (Squibb's), 

Labairaque's  Sol.  (Frer^,  Paris), 

Phenol  Sodique, 

Piatt's  Chlorides, 

Bromo-chloralum, 

Squibb's  Impure  Carbolic  Acid, 

Phenol  Sodique  (Paris), 

Listerine, 

Hypochlorite  of    Sodium  or  Caldum, 
Available  Chlorine, 


0.25 


PBKCBrTAOX  Im, 

Pbscbmtaob  In, 

Wben  Acnvx  in 

WoicB  Faiued  m 

Two  Houts. 

Two  HouBS. 

2 

I 

7 

S 

10 

7 

15 

10 

15 

10 

20 

15 

25 

20 

.. 

50 

.. 

50 

. 

50 

NTTROGEir  AND  HYDROGEN. 

Ammonia. — Source. — From  th^  decomposition  of  animal  or 
vegetable  matter  containing  nitrogen,  either  spontaneously  or  by  the 
aid  of  heat.  First  prepared  by  distilling  camels'  dung,  in  Libya,  near 
the  temple  of  Jupiter  Anunon.  When  horns,  clippings  of  hides,  or 
coal  are  heated  in  dosed  retorts,  ammonia  is  given  off.  The  prindpaJ 
source,  at  present,  is  from  the  destructive  distillation  of  coal  in  gas- 
works. Coal  contains  about  two  per  cent,  of  nitrogen,  which  is  mostly 
given  off  as  ammonia.  The  "ammonia -liquor"  is  treated  with  hydro- 
chloric add  and  evaporated  to  dryness,  when  an  impure  ammonium 
chloride,  sal  ammoniaCy  is  obtained.  This  may  be  purified  by  re- 
crystallization  or  sublimation.  This  salt,  heated  with  lime,  CaO,  gives 
off  its  ammonia.  This  is  conducted  through  a  series  of  Woulfe  bottles 
containing  water,  in  which  the  gas  dissolves,  forming  aqua  anmionla; 
from  which  the  other  compounds  may  be  prepared. 

2NH,C1  +  CaO  =  2NH,  +  H,0  +  CaCl^ 

Properties. — Ammonia  is  a  colorless,  transparent,  pungent,  irre- 
spirable  gas.  It  does  not  support  combustion  or  bum  in  the  air,  but 
bums  with  difficulty  in  an  atmosphere  of  oxygen,  forming  water  and 
free  nitrogen.  It  has  a  strong  alkaline  reaction  on  moistened  litmus 
paper,  which,  however,  is  not  permanent,  owing  to  the  volatility  of 
the  ammonia. 

It  is  lighter  than  air.  Liquefies  at  — 40°  C.  ( — 40®  F.);  or  at 
10®  C.  (50®  F.),  under  a  pressure  of  6.5  atmospheres,  to  a  coloiiess 
liquid  of  sp.  gr.  0.76,  which  solidifies  at  — 75°  C.  (—103*'  F.). 
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It  is  very  soluble  in  water;  one  volume  of  water  at  15^  C.  (59®  F.) 
dissolves  783  volumes  of  the  gas  with  the  evolution  of  heat,  forming 
the  solution  known  as  aqua  ammonia,  which  may  be  r^arded  as 
a  solution  of  ammonium  hydroxide,  NH^-O-H,  in  water. 

This  solution,  on  being  heated,  gives  up  most  of  the  gas  again. 
Aqua  ammoniA  fortior  (U.  S.  P.)  contains  twenty-eight  per  cent., 
by  weight,  of  the  gas,  and  has  a  sp.  gr.  of  0.897  at  25®  C.  (77®  F.). 
Uquor  ammoniA  fortis  (Br.)  contains  32.5  per  cent.,  by  weight, 
of  gaseous  NH,.  Aqua  ammonia  (U.  S.  P.),  Liquor  ammonia 
(Br.  P.),  contains  ten  per  cent.,  by  weight,  and  has  a  sp.  gr.  of  0^58  at 
25®  C.  (77®  F.).  It  is  a  colorless,  transparent  liquid,  with  a  pungent 
odor  and  an  alkaline  taste  and  reaction.  Anunonia  forms,  by  direct 
union  with  the  acids,  a  series  of  salts  containing  the  compound  radical 
NH4,  called  ammonium.  Ammonia  is  volatile,  and  hence  it  is  some- 
times known  as  the  volatile  alkali.  The  compounds  of  NH^  closely 
resemble  those  of  Na  and  K,  and  will  be  considered  with  them. 
Strong  solutions  of  the  gas  act  as  a  caustic  upon  animal  tissues, 
and  are,  therefore,  corrosive  poisons. 

CompoBition. — ^This  may  be  determined  by  decomposing  the  gas  by  passing 
a  series  of  electric  sparks  through  a  quantity  of  it  inclosed  in  a  eudiometer-tube  over 
mercury.  The  volume  increases  until  double  the  original  volume  is  reached.  By 
introducing  a  quantity  of  oxygen  equal  to  three-fourths  that  of  the  ammonia  used, 
and  igniting  the  gases  by  the  same  spark,  the  hydrogen  and  oxygen  combine,  and  after 
condensing  leave  the  nitrogen,  which  occupies  one-half  the  original  volume,  or  one- 
fourth  the  volume  of  the  mixed  hydrocen  and  nitrogen,  after  the  decomposition. 
It  is  thus  shown  to  be  composed  of  one-fourth  nitrogen  and  three-fourths  hydrogen. 

We  may  also  arrive  at  the  same  result  in  the  following  manner: 

Prepare  a  glass  tube  of  about  i  cm.  (}  of  an  inch)  caliber,  closed  at  one  end. 
Through  the  stopper  in  the  open  end  pass  a  funnel  tube  drawn  to  a  point  and  pro- 
vided with  a  stopcock.  Fill  the  tube  with  pure,  dr^  chlorine,  and  insert  the  cork. 
FQl  the  funnel  tube  with  strong  ammonium  hydroxide  solution,  open  the  stopcock, 
and  alk>w  a  portion  of  the  liquid  to  enter  the  tube.  The  chlorine  decomposes  the 
ammonia  gas,  combining  with  its  own  volume  of  hydrogen  and  setting  free  the  nitro- 
gen in  comUnation  with  it.  By  removing  the  stopper  under  water,  the  latter  will 
rise  to  fill  the  tube,  excepting  that  portion  occupied  by  the  nitrogen,  which  will  be 
found  to  be  one-thiid  of  the  whole  tube. 

As  the  chlorine  combined  with  its  own  volume  of  hydrogen,  or  with  the  tube 
full,  and  left  one-third  of  that  volume  of  nitrogen,  it  follows  that  the  ammonia  was 
composed  of  three  parts  by  volume  of  hydrogen  and  one  part  of  nitrogen.  Since 
gaseous  molecules  all  occupy  the  same  space,  three  molecules  of  hydrogen  and  one 
of  nitrogen  form  two  of  ammonia: 

3H,  +  N,  -  aNH^ 

The  compounds  of  ammonium  with  acids  will  be  considered  under  the  head  of 
Salts  of  the  Alkaline  Metals.  The  compound  or  derived  ammonias  will  be  con- 
sidered in  Part  IV. 

Tests. — Odor.  Fumes  with  HCL  Moistened  red  litmus  paper  is  changed  to 
bhiebyit 
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Uses. — The  salts  of  ammonium  are  used  as  fertilizers,  in  the  arts,  and  in  thera- 
peutics chiefly  as  expectorants.  One  veiy  important  use  of  ammonia  is  for  the  pro- 
duction of  artificial  ice.  The  ice  machine  usually  consists  of  two  worms  or  coils 
connected  by  a  pipe  and  controlled  by  a  stopcock.  One  of  the  coils  of  pipe  is  im- 
mersed in  a  tank  kept  cool  by  a  current  of  water;  the  other  coil  is  immersed  in  a  tank 
of  salt  brine.  The  gas  is  pumped  into  the  first  of  thesi^  coils,  allowed  to  cool,  and 
then  run  into  the  second  coil.  As  the  liquid  evaporates,  heat  is  absorbed  and  the 
temperature  of  the  brine  is  lowered  below  the  freezing  point  of  water.  Cans  of 
water  placed  in  the  brine  may  be  frozen  to  ice. 

.N 

Hydronitric  acid,  or  hydrazoic  acid,  HN„  H  —  N^T  || ,  is  a  colorless  gas, 

having  a  penetrating,  unpleasant  odor  and  an  acid  reaction. 

Its  sodium  salt  is  prepared  by  boiling  benzoyl-azo-imid  with  sodium  hydroxide. 

CeHfi.  CONC  II  +  NaOH  -  QH,.  COONa  +  Na  — N<;  || ,  +  H,0. 

It  forms  a  series  of  salts  with  the  metals  resembling  the  cyanides,  chlorides* 
bromides,  and  iodides. 

It  unites  with  ammonia  to  form  ammonium  nitride. 

NH,  +  HN,  -  NH^N^ 

NITROGEN  AND  THE  HALOGENS. 
Nitrogen  Chloride. — NCI,.  When  chlorine  in  excess  is  made  to  act  upon  am- 
monia, the  chlorine  at  first  sets  free  nitrogen,  and  forms  some  ammonium  chloride; 
the  excess  of  chlorine  then  acts  upon  the  anunonium  chloride,  to  form  nitrogen 
chloride,  an  explosive  of  great  power. 

NH,C1  +  3CI,  =  NCI,  +  4HCI. 

It  is  a  yellow,  oily  liquid,  insoluble  in  water,  po^essing  a  disagreeable,  irritating 
odor.  Sp.  gr.  «  1.653.  It  is  very  explosive,  and,  in  contact  with  any  combustible 
matter,  explodes  spontaneously.     It  should  not  be  prepared  in  large  quantities. 

Nitrogen  Iodide.— NHI,  or  NI,.  Preparation.— By  lightly  triturating  iodine 
in  a  mortar  with  strong  ammonium  hydroxide,  or  by  pouring  an  alcoholic  solution 
of  iodine  into  strong  ammonia  water. 

Properties. — ^A  brownish-black  solid,  insoluble  in  water.  When  spread  out 
on  filter-paper  and  dried,  it  e3q>lodes  with  the  slightest  touch,  or  by  a  gentle  breeze; 
the  explosion,  however,  is  not  nearly  so  violent  as  that  of  the  chlorine  compound. 

NITROGEN  AND  OXYGEN. 
Five  oxides  of  nitrogen  are  known,  whose  names,  graphic  formulae^ 
and  corresponding  acids  are  as  follows: 

Nitrous  Oxide, N^^N  Hyponitrous  Add,. .  H— O— N 

NiMc  Oride,.        . .  .0^  -  ,^2=^      mtrous  Add, . .  .H-O-N-O 
Nitrous  Anhydride, . .  OZZN O — ^NIZO  ' 

"o^'A^h^S^I?'}  {8=N-  0-N=g      "itric  Acid.....H-0-N=g 
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Nitrous  Qzide,  Hyponitrous,  Qzide,  Laugliiiig-gas.  Nitro- 
gen Monoxide.  Nitrogen  Protoxide.— N,0.  Discovered  in  1776 
by  Priestly.  Anesthetic  effect  first  discovered  by  Sir  Humphry  Davy. 
First  used  in  dentistry  by  Wells,  of  Hartford,  Conn.  First  came  into 
notice  as  an  anesthetic  in  1863. 

Preparation. — By  gendy  heating  ammonium  nitrate  in  a  retort, 
similar  to  that  represented  in  figure  47,  when  it  decomposes  into  nitrous 
oxide  and  water. 

NH^O,  -  N,0  +  2H,0. 

When  prepared  for  anesthetic  purposes,  care  should  be  exercised  to 
keep  the  temperature  of  the  retort  between  210®  C.  (410**  F.)  and 
250**  C.  (482®  F.),  as  below  the  former  the  decomposition  does  not 
take  place,  but  the  salt  sublimes,  while  above  the  latter,  nitrogen 
dioxide  and  trioxide  are  generated.  As  an  additional  safeguard,  the 
gas  should  be  caused  to  bubble  through  solutions  of  sodium  hydroxide 
and  ferrous  sulphate,  to  remove  these  higher  oxides,  and  allowed  to 
stand  over  water  for  some  hours  before  being  used. 

Properties. — ^A  colorless,  odorless,  sweetish-tasting  gas,  slightly 
soluble  in  water,  more  so  in  alcohol.  Density,  21.85;  sp.  gr., 
1.527.  Under  a  pressure  of  50  atmospheres  at  7*^  C.  (45°  F.)  it  con- 
denses to  a  colorless  liquid,  which  resimies  the  gaseous  state  as  soon 
as  the  pressure  is  removed,  the  temperature  sinking  so  low  as  to  freeze 
a  portion  of  the  liquid  into  a  white,  snow-like  solid.  Sp.  gr.  of  liquid, 
0.908.  Boiling  point,  —88**  C.  (—126*'  F.).  Freezing  point  about 
— loi**  C.  ( — 150**  F.).  It  is  neutral  in  reaction — i,  «.,  neither  acid 
nor  alkaline.  It  supports  the  combustion  of  bodies  very  much  like 
oxygen,  because  of  tiie  fact  that  the  heat  of  the  burning  body  decom- 
poses die  gas,  giving  an  atmosphere  about  them  containing  twice  as 
much  oxygen  as  ordinary  air.  For  anesthetic  purposes,  the  liquefied 
gas  is  now  sold  in  wrought-iron  cylinders,  provided  with  a  stopcock, 
so  that  the  gas  can  be  drawn  from  the  cylinder  as  needed. 

Phjrsiological  Effects. — Nitrous  oxide  causes,  when  first  inhaled, 
an  exhilaration,  then  anesthesia,  and  finally  asphyxia.  It  will  not 
support  the  respiration  of  plants  or  animals.  It  seems  to  act  partly  by 
excluding  air  and  partiy  by  its  direct  effect  upon  the  nervous  system. 
It  does  not  enter  into  any  chemical  combination  in  the  blood,  but 
simply  dissolves  in  this  fluid.  When  mixed  with  oxygen  and  admin- 
istered under  an  increased  pressure,  the  anesthesia  may  be  kept  up  for 
a  long  time  with  safety.  Deaths  from  its  inhalation  are  rare.  It  does 
not  undergo  decomposition  in  the  blood.  It  is  much  used  for  short 
operations,  and  especially  for  the  extraction  of  teeth,  opening  abscesses, 
felons,  etc    Recovery  is  prompt  and  complete  within  a  few  minutes 
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after  its  withdrawal.    A  solutioa  in  water  containing  five  volumes  of 
the  gas  has  been  administered  internally. 

Hyponitrous  Acid.— HNO.  This  acid  may  be  prepared  by  the 
action  of  hydrochloric  acid  on  the  silver  salt. 

AgNO  +  HCl  -  AgCl  +  HNO. 

The  potassium  salt,  KON,  is  formed  by  the  action  of  nascent  hy- 
drogen, generated  by  sodium  amalgam,  on  potassium  nitrite  or  nitrate; 
preferably  the  former: 

2KONO  +2H,  -  2KON  +  aHjO. 

The  silver  salt  is  a  yellow,  almost  insoluble  powder. 
Nitric  (hdde  or  Nitrogen  Dioxide.— NO  or  N,0,.    Prepared 
by  the  action  of  nitric  acid  upon  copper. 

3Cu  +  8HNO,  -  3Cu(NOJ,  +  N,0,  +  4H,0. 

Properties. — ^A  colorless,  transparent  gas,  very  sparingly  soluble 
in  water,  more  soluble  in  alcohol.    Density,  15;  sp.  gr.,  1.039. 

The  density  would  make  the  moleailar  weight  30  and  the  formiila  NO,  which 
is  anomalous,  as  in  this  case  nitnwen  must  be  considered  as  a  dyad.  The  ordinary 
laws  of  valence  would  make  it  N^O^  It  is  probable  that  at  k>wer  temperatures  this 
is  the  proper  formula,  and  at  the  higher  temperature  dissociation  takes  place,  N,0, 
splitting  up  into  NO,  as  has  been  proven  to  occur  in  the  case  of  N,0^ 

By  cold  and  pressure  the  gas  has  been  reduced  to  a  liquid.  Bodies 
which  evolve  considerable  heat  in  burning — as  pho^horus,  for  example 
— bum  in  this  gas,  first  decomposing  it  and  then  uniting  with  its  oxy- 
gen. In  contact  with  free  oxygen,  or  air,  it  takes  up  Uiis  gas  and  is 
converted  into  N^O^  or  N^O,,  according  to  the  amount  of  oxygen 
present.  In  both  cases  it  gives  a  reddi^-brown  colored  gas.  The 
gas  may  be  used  as  a  test  for  free  oxygen.  It  is  rapidly  absorbed 
by  a  solution  of  ferrous  sulphate,  to  which  it  imparts  a  deep  brown 
color.  Its  action  on  the  economy  is  not  known.  It  forms  no  corre- 
sponding add. 

Nitrous  Anhjrdride.— NjO,.  Prepared  by  the  direct  union  of 
nitric  oxide,  N3O3,  and  oxygen,  mixed  in  the  proportion  of  two  of  the 
former  to  one  of  Uie  latter.  Also,  by  warming  m'tric  acid  with  stardi 
or  arsenious  acid,  and  by  the  action  of  nitrogen  peroxide  on  cold  water. 

2N,04  +  H,0  -  N,0,  +  2HNO,. 

Properties.— A  dark-blue  liquid,  boiling  at  o®  C.  (32®  F.),  with 
partial  decomposition  into  NjO,  and  NjO^,  which  recombine  on  cool- 
ing.  It  combines  directly  with  water,  producing  nitrous  acid,  HNO,| 
which,  on  warming,  decomposes  into  nitric  acid  and  nitric  oxide. 

3HNO,  -  HNO,  +  N,0,  +  H,0. 

-^  will  be  seen  from  the  above,  this  oxide  is  very  unstable. 
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Nitrous  Acid  and  Nitrites.— Nitrous  add  is  iK>t  known  in 
a  pure  state,  but  it  exists  in  solution,  «nd  several  of  its  salts  are  known. 
The  nitrites  are  formed  by  heating  the  nitrates,  when  they  give  off  a 
p>art  of  their  oxygen.  The  action  is  rendered  easier  if  1^  or  some 
other  oxidizable  metal  be  added  to  the  fusion.  The  nitrites  are  pro- 
duced in  nature  by  the  oxidation  of  nitrogenous  organic  matter,  accom- 
panied by  certain  forms  of  microscopic  life.  Sudi  nitrification  takes 
place  in  waters  polluted  with  organic  matter,  and  normally  in  the  soil. 
The  acid  then  combines  with  bases  found  in  the  water  or  the  soil. 
The  presence  of  nitrites  in  water  is,  for  this  reason,  looked  upon  as  an 
evidence  of  previous  contamination  with  nitrogenous  organic  matter. 
Further  oxidation  leads  to  the  formation  of  nitrates  in  Uie  same  dr- 
cimistances.  The  addition  of  a  mineral  add  to  a  nitrite  sets  free 
reddish-brown  fumes.  A  solution  of  argentic  nitrate  forms  a  predpi- 
tate  with  cold,  not  too  dilute,  solutions  of  an  alkaline  nitrite.  These 
two  reactions  distinguish  these  salts  from  the  nitrates.  The  reddish 
fumes,  above  mentioned,  are  strong  oxidizing  agents,  and  set  free 
iodine  from  potassium  iodide.  A  solution  of  boiled  starch,  with  which 
iodine  forms  a  deep  blue  color,  with  a  solution  of  potassium  iodide 
and  dilute  sulphuric  add,  are  used  as  a  test  for  nitrites  in  solution. 

Nitrous  add  and  the  nitrites  also  act  as  reducing  agents  upon  an 
acid  solution  of  potassium  permanganate,  and  decolorize  this  latter 
salt.  The  nitrites  can  be  taken  up  by  plants  and  elaborated  into  their 
structure,  and  hence  are  valuable  fertilizers. 

Nitrq|;en  Perozidey  Nitrogen  Tetroxide,  mtrogen  Dioxide*. 
— N,04.  It  may  be  prepared  by  mixing  equal  volumes  of  nitric  oxide 
and  oxygen, 

N  A  +  O,  -  N,0^ 

or,  more  easily,  by  heating  dry  plumbic  nitrate  in  a  retort,  and  pass- 
ing the  vapors  into  a  cooled  receiver,  where  they  condense  into  a  liquid: 

aPb(NOJ,  -  aPbO  +  aN.O^  +  O^ 

Composition. — ^N,04  appears  to  exist  in  a  pure  state  only  at  temperatures  below 
o®  C.  (32®  F.).  The  liquid  is  colorless  at  these  temperatures,  but  at  its  boiling  point 
is  yellow  in  color,  owing  to  partial  dissociation  into  NO^  which  is  complete  at  about 
i5oOC.(3oaOF.). 

The  gas  is  always  reddish-brown  in  color,  due  to  the  presence  of  NO^  while 
N,0^  is  colorless.  The  density  of  the  gas  at  26**  C.  (yS.S**  ¥.),  the  boiling  point  of 
the  hquid,  is  38,  and  contains  20  per  cent,  of  NO^  On  raising  the  temperature 
the  density  diminishes,  and  finally  becomes  constant  at  150®  C.  (302®  F.),  and  equals 
23.  This  density  corresponds  to  NO,  »  46.  This  phenomenon  of  dissociation  is 
frequently  noticed  in  determining  the  density  of  bodies  at  temperatures  much  above 
their  boiling  points.  The  laws  of  valence  seem  to  hold,  in  these  cases,  only  at  the 
lower  temperatures,  at  which  dissociation  does  not  take  place;  hence  the  confusion 
•%t  exists  in  the  formulc  of  such  bodies  as — 

N,04  or  N0»  NjO,  or  NO,  Hg,Cl,  or  HgCl,  etc 
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Properties. — Cold  water,  in  small  quantity,  decomposes  it  into  N,0,  and 
HNO„  while  in  larger  quantities  and  with  alkaline  hydroxides  it  forms  nitrous  and 
nitric  acids,  or  their  salts. 

The  tetroxide,  Nfi^  and  the  dioxide,  NO,,  both  act  as  strong  oxidizing  agents, 
setting  iodine  free  from  the  iodides. 

Nitric  Anhydride  and  Acid.— NjOj  and  HNOj.  Nitric 
anhydride  is  a  white,  crystalline  solid,  fusing  at  30*^  C.  (86®  F.) 
and  boiling  at  47®  C.  (116.6°  F.).  Obtained  by  treating  dry  silver 
nitrate  with  chlorine,  or  by  the  removal  of  water  from  fuming  nitric 
acid  by  the  action  of  phosphoric  anhydride,  P3O5.  The  oxide  is  un- 
stable, and  has  a  strong  affinity  for  water,  with  which  it  forms  nitric 
acid.    It  has  no  special  use. 

Nitric  acid,  Aqua  Fortis,  Acidtim  Nitricum  (U.  S.  P.,  Br.), 
HNO„  is  the  most  important  of  the  acids  of  nitrogen.    It  does  not 
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occur  free,  but  as  nitrates  widely  disseminated.  It  is  usually  pre- 
pared, commercially,  by  the  action  of  sulphuric  acid  upon  potassium 
or  sodium  nitrate,  in  glass  or  cast-iron  retorts. 

NaNO,  +  H^O^  -  HNaSO^  +  HNO,. 

The  arrangement  of  the  iron  retorts  (A)  and  the  stoneware  con- 
densers (B)  is  shown  in  section  in  figure  56.  The  sodium  nitrate  and 
an  equal  weight  of  sulphuric  acid  is  run  in  through  the  stoppered 
openings  at  the  back.  The  iron  is  protected  from  the  add  by  a 
lining  of  fire-clay.  When  heat  is  applied  to  the  retort,  the  nitric  acid 
distils  over  and  condenses  in  the  stoneware  Woulfe  bottle,  B,  which 
is  kept  cool  by  cold  water. 
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It  is  also  formed  in  small  quantities  by  the  i>assage  of  electric 
discharges  throu^  a  mixture  of  nitrogen  and  oxygen.  This  takes 
place  in  the  aii^by  the  passage  of  flashes  of  lightning,  probably  by 
the  oxidizing  action  of  the  ozone  generated  by  these  phenomena. 
The  nitrates  are  formed  in  the  soil  and  natural  waters  by  the  oxi- 
dation of  organic  matter,  called  nitrification^  and  is  induced  by 
certain  microscopic  organisms  called  nitrifying  bacteria.  In  some 
localities  this  process  is  conducted  artificially.  (See  Potassium 
Nitrate.) 

The  commercial  add,  prepared  as  above,  contains  sulphuric  acid, 
traces  of  iron,  the  oxides  of  nitrogen,  and  chlorine.  It  is  purified  by 
redistillation  with  plumbic  nitrate,  which  retains  the  impurities  and 
allows  only  the  pure  acid  to  distil  over. 

Properties. — ^The  pure  acid  is  a  colorless,  rather  heavy,  fuming 
liquid,  having  a  sp.  gr.  of  1.52,  boiling  at  86^  C.  (154.8^  F.),  and  solidi- 
fying at  — ^40*^  C.  ( — 40®  F.).  The  sp.  gr.  and  boiling  point  of  the 
diluted  acid  vary  with  the  proportion  of  add  present.  When  strongly 
heated,  or  on  exposure  to  light  and  air,  the  add  turns  yellow  and  is 
decomposed  into  nitric  tetroxide,  NjO^,  water,  and  oxygen. 

Nitric  acid  readily  gives  up  a  portion  of  its  oxygen,  and  thus  acts 
as  a  strong  oxidizing  agent,  attacking  and  destroying  vegetable  and 
animal  tissues  and  coloring  matters.  It  is  sometimes  used  as  a  cauter- 
izing agent,  first  producing  a  yellow  stain,  then  destroying  the  tissue. 
While  it  oxidizes  most  organic  bodies,  it  enters  into  the  composi- 
tion of  others,  forming  substitution  products.  Thus  glycerin,  cotton, 
sugar,  etc.,  when  treated  with  it,  form  explosive  substitution  products. 
Most  metals  dissolve  in  the  add,  forming  nitrates;  gold  and  platinum 
are  exceptions.  The  non-metals  or  negative  elements  are  usually 
oxidized  by  it.  Metallic  iron  dissolves  readily  in  the  dilute  add,  but 
when  plunged  into  the  strong  acid  it  assumes  a  condition  known  as 
the  passiye  state ;  if  now  it  be  put  into  dilute  acid,  it  is  not  attacked 
by  it  until  a  piece  of  platinum  is  brought  into  contact  with  it,  or  by 
some  other  means  the  passive  condition  is  destroyed.  Nitroso-nitric 
add  is  a  yellow,  partially  decomposed  acid,  containing  nitric  peroxide, 
NjO^.  Aqua  n^gia  is  prepared  by  mixing  together  four  parts  of 
hydrochloric  and  one  of  nitric  add;  it  soon  assumes  a  yellowish-red 
color,  and  has  the  power  to  dissolve  gold,  platinum,  and  other  metals, 
with  the  formation  of  chlorides  (p.  113). 

Fuming  ITitiic  Acid. — A  reddish-brown  add.  Sp.  gr.,  1.525. 
Containing  N,0,  or  NjO^.    Used  as  a  powerful  oxidizing  agent. 

Official  Forms.— Acidum  Nitiicum  (U.  S.  P.,  Br.).— Sp.  gr., 
1.403  at  25^  C.  (77®  F.).    Contains  sixty-eight  per  cent,  of  HNO^ 
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Acidtim  nitrictim  dilutum  (U.  S.  P.)  is  prepared  by  adding 
5.8  (Br.,  4.2)  parts  of  distilled  water  to  i  of  the  above  add.  Sp.  gr., 
1.054  at  25®  C.  (77*^  F.),  and  contains  ten  per  cent,  of  HNO,.  Used 
for  internal  administration.    Dose,  about  2  c.c.  (30  minims). 

Tests. — I.  Add  to  the  suspected  liquid  some  ferrous  sulphate,  and  pour  the 
mixture  on  strong  sulphuric  acia  in  a  test-tube.  A  black,  brown,  or  reddish  zone 
at  the  point  of  contact  of  the  two  liquids  indicates  nitric  acid. 

2.  Heat  the  suspected  solution  with  a  few  drops  of  sulphuric  add  faintly  col- 
ored with  indigo,  when,  if  nitric  add  or  a  nitrate  be  present,  the  blue  color  will  dis- 
appear. 

3.  The  strong  add  imj>arts  a  deep-red  color  to  the  alkaloid  brudne. 

4.  When  heated  with  copper  turnings,  the  liquid  assumes  a  green  color  and 
evolves  reddish  fumes.  When  the  add  is  in  combination,  a  stronger  add  must  be 
added  to  set  it  free,  as  in  test  2 . 

Physiological  Effects. — In  small  quantities,  well  diluted,  it  is  a 
stomadiic  tonic,  and  augments  the  secretion  of  urine.  It  seems  to 
be  mostly  decomposed  in  the  body,  but  a  small  quantity  may  pass 
into  the  urine  as  nitrates;  it  acts,  therefore,  as  an  oxidizing  agent. 
The  strong  add  is  a  corrosive,  violent  poison,  first  staining  the  tissues 
and  vomit,  with  which  it  comes  in  contact,  a  bright  yellow  color,  and 
then  corroding  them.  These  stains  will  be  found  on  the  tongue  and 
fauces  in  cases  of  poisoning  by  this  add. 

Antidotes. — Milk  of  lime,  magnesia,  or  other  alkaUes  well  diluted^ 
followed  by  sustaining  treatment. 


PHOSPHORUS. 

Density  of  Vapor,  62.    Molecular  Weight,  124  -  P4.    At  Very  High  Tem- 
peratures, Density,  31,  and  Molecular  Weight,  62  »  P,. 

Occurrence. — Discovered  by  Brandt,  in  1669,  in  urine;  and  by 
Gahn,  in  bones,  in  1769.  It  does  not  occur  native,  but  as  phosphates, 
and  in  organic  substances.  The  most  common  mineral  is  calcium 
phosphate,  Cag(P04)„  Phosphorite^  derived  from  the  bones  of  prehis- 
toric mammals. 

Preparation. — Phosphorus  is  usually  prepared  from  the  ash  of 
burnt  bones,  or  powdered  phosphorite,  in  which  it  exists  as  tricalcium 
phosphate,  Caj(P04)^  By  treating  the  ash  with  sulphuric  add,  it  is 
first  converted  into  a  soluble  monocaldum  phosphate,  sometimes  called 
superphosphate. 

Ca,(PO,),  +  aH^O,  -  CaH,(POJ,  +  aCaSO,. 

The  CaH^(^0^2  is  dissolved  in  water  and  drawn  oflF,  leaving  the  in- 
soluble CaSO^  in  the  vat.    This  solution  is  evaporated  to  dryness, 
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after  adding  powdered  diarcoal  and  sand,  and  then  transferred  to  a. 
retort,  whose  beak  dips  imder  water.  TTie  retort  is  then  gradually 
heated  to  a  hi^  temperature,  when  the  CaH^(PO  J,  is  first  ddiydrated 
and  converted  into  calcium  metaphosphate,  Ca(P0^2,  and  water,  and 
then  undergoes  reduction  imder  the  action  of  the  carbon  and  sand  as 
follows: 

CaH4(PO^  -  Ca(POJ,  +  aH,0. 
2Ca(POJ,  +  aSiO,  +  loC  -  aCaSiO,  +  loCO  +  P4. 

The  free  phosphorus  distils  over  and  condenses  under  the  water  as 
an  impiure  article,  which  is  purified  by  redistillation,  or  by  fusing  it 
under  water  with  sulphuric  add  and  potassium  dichromate.  It  is  then 
cast  into  sticks,  in  molds. 

Physical  Properties. — Phosphorus  is  met  with  in  several  distinct 
allotropic  states. 

The  ordinary  form  is  a  translucent,  waxy-looking  solid,  which,  at 
ordinary  temperatures,  is  tenacious  and  of  about  the  consistency  of 
wax;  but  at  o®  C.  (32®  F.)  and  bek)w  it  becomes  brittle.  It  melts 
under  water  at  44®  C.  (iii®  F.)  and  boils  at  290"*  C.  (554®  F.).  By 
the  action  of  light  it  soon  becomes  coated  with  a  whiti^  or  reddish 
layer,  probably  an  oxide.  Its  sp.  gr.  is  1.82  at  25*^  C.  (77*^  F.).  It 
is  distinctly  luminous  in  the  dark,  and,  when  exposed  to  moist  air, 
emits  the  odor  of  ozone.  This  luminosity  is  termed  phosphorescence, 
and  a  similar  property  is  shown  by  certain  other  bodies.  It  is  insoluble 
in  water,  sli^tly  soluble  in  alcohol,  but  soluble  in  ether,  benzene, 
petroleum,  and  in  the  fixed  and  essential  oils.  The  best  solvent  isf 
carbon  disulphide.  From  this  solution  it  separates  in  the  form  of 
octahedral  and  dodecahedral  crystals.  When  a  portion  of  the  solution 
is  poured  upon  filter-paper  and  allowed  to  evaporate  spontaneously, 
it  takes  fire  when  the  evaporation  of  the  solvent  is  complete. 

Red  or  amorphous  phosphorus  is  a  reddish-brown  amorphous 
powder,  of  sp.  gr.  2.14,  insoluble  in  carbon  disulphide;  it  does  not 
alter  in  the  air,  and  does  not  show  the  phosphorescence  in  the  dark. 
Whfle  ordinary  phosphorus  is  very  poisonous,  even  to  workmen  hand- 
ling it,  this  variety  is  entirely  harmless.  When  heated  to  260*^  C. 
(500®  F.)  it  does  not  melt,  but  gradually  sublimes.  The  vapor  is 
converted  into  the  ordinary  form,  which  takes  fire  in  presence  of  air. 

Red  phosphorus  is  prepared  by  heating  the  ordinary  variety,  for 
about  thirty-six  hours,  to  a  temperature  of  from  250*^  C.  (482®  F.) 
to  300**  C.  (572®  F.)  in  an  atmosphere  of  hydrogen,  carbon  dioxide, 
or  in  an  exhausted  iron  vessel.  The  mass  is  then  washed  with  carbon 
disulphide  or  boiled  with  a  solution  of  sodium  hydroxide,  to  remove 
any  of  the  ordinary  variety  remaining. 

Other  varieties  of  phosphorus  have  been  formed.    The  metallic 
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form  is  prepared  by  heating  the  red  variety  in  a  sealed  tube  to  500^ 
C.  (932*^  F.),  when  black,  metallic-looking,  microscopic  needles  sub- 
lime into  the  cooler  portions  of  the  tube.  The  sp.  gr.  of  thb  variety 
is  2.34,  and  it  is  less  active  than  the  red  variety. 

Chemical  Properties. — ^The  most  characteristic  property  of  phos- 
phorus is  its  ready  oxidation.  K  the  ordinary  variety  be  heated  to 
60*^  C.  (140*^  F.)  in  contact  with  air,  it  takes  fire  and  bums  with  a 
brilliant  flame,  and  evolves  a  voluminous  white  cloud  of  phosphorus 
pentoxide.  It  may  be  burned  under  hot  water  by  throwing  a  jet  of 
oxygen  upon  it. 

It  must  be  kept  under  water  to  prevent  it  from  taking  fire  spontane- 
ously. When  fragments  partly  covered  with  water  are  exposed  to 
the  air,  white  fumes  are  seen  to  rise  from  them  which  contain  ozone, 
hydric  peroxide,  and  possibly  ammonium  nitrite,  NH^NO,.  This 
ozone  is  the  cause  of  die  odor  usually  detected  when  phosphorus  is 
exposed  to  the  air.  The  red  variety  does  not  oxidize  in  the  air,  and 
may  be  handled  ^th  impunity.  Phosphorus  unites  readily  with  fluo- 
rine, chlorine,  bromine,  and  iodine,  forming  in  each  case  two  com- 
pounds of  the  general  formula  PR,  and  PR^,  except  in  the  case  of 
iodine,  which  forms  PIj  and  PI,.  An  oxychloride  of  phosphorus, 
POCl,  is  also  known.  It  combines  with  most  other  elements  except- 
ing carbon  and  nitrogen.  It  reduces  some  metallic  salts,  as  copper 
and  silver,  to  the  metallic  state. 

Tests. — ^Its  phosphorescence  in  the  dark,  either  as  found  or  after 
separating  it  with  carbon  disulphide  and  evaporation  of  the  solvent,  is 
used  as  a  test.  It  imparts  a  green  color  to  the  hydrogen  flame,  when 
this  gas  is  conducted  through  a  solution  containing  free  phosphorus 
before  being  burned. 

Physiological  Action.— Owing  to  the  ready  inflanmiability  of 
the  ordinary  variety,  deep  bums  are  liable  to  occur  from  careless 
handling,  which  are  more  serious  and  difficult  to  heal  than  bums  from 
other  combustibles.  When  taken  internally,  phosphorus  is  a  very 
poisonous  substance.  Cases  of  poisoning  from  "ratsbane"  or  "rat 
poison"  containing  it  are  not  infrequent. 

The  symptoms  of  acute  poisoning  are  a  garlicky  odor  and  taste  in 
the  mouth;  heat  and  burning  in  the  stomach;  vomiting  of  a  dark- 
colored  matter,  which  is  phosphorescent  when  shaken  in  the  dark. 
Weak  pulse,  low  temperature,  cold  extremities,  dilated  pupils,  and  a 
clear  mind  are  usually  seen.  Death  occurs  in  from  two  to  twelve 
days.    The  average  time  is  about  three  to  four  days. 

These  symptoms  may  make  their  appearance  in  an  hour  after  the 
poison  is  taken,  or  after  Uiree  or  four  days. 

The  poisonous  dose  varies:  ^  to  |  of  a  grain  has  produced  death. 
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Antidotes. — ^There  is  no  chemical  antidote.  Emetics  or  die 
stomadi-pump  are  tiie  best  early  treatment;  then,  mucilaginous 
drinks,  with  lime  or  magnesia,  or  oil  of  turpentine, — ^the  old  oil  is 
best,— but  no  other  oils  should  be  given,  as  they  dissolve  the  phos- 
phorus and  favor  absorption.    Recovery  is  rare. 

Chronic  poisoning  of  workmen  in  match-factories  frequently 
occurs;  the  symptoms  are  fatigue,  paxas  in  stomach  and  bowels, 
with  diarrhea,  carious  teeth,  swollen  and  inflamed  gums,  and  finally 
necrosis  of  the  jaws,  usually  the  lower.  Fatty  degeneration  of  the 
Uver,  kidnejrs,  heart,  and  other  muscles,  and  destruction  of  the  red 
corpuscles  are  also  conunon. 

These  evils  are  now  remedied  by  using  red  phosphoms  in  mak- 
ing matches,  as  it  is  not  poisonous. 

Qflkial  Preparations. — Oleum  Phosphoratom  (Br.). — A  one  per 
cent,  solution  of  phosphorus  in  sweet-almond  oil. 

PilulsB  PhoqAori  (U.  S.  P.).— These  pills  contain  0.0006  gm. 
(liir  8^0  ^^  phosphorus  each,  and  are  coated  with  balsam  of  tolu. 
The  phosph<»iis  pill  of  the  B.  P.  contains  two  per  cent  of  pho^horus. 

Uses. — Pho^horus  is  chiefly  used  in  the  arts  for  the  manufacture 
of  matches.  Matches  of  the  older  variety  are  made  by  dipping  the 
ends  of  the  sticks  in  melted  sulphur  and  then  in  a  mixture  of  gum, 
an  oxidizing  agent  (MnO^,  and  yellow  pho^horus  These  matches 
are  poisonous,  inflammable,  and  tiie  workmen  suffer  from  poisoning. 
For  these  reasons  they  are  being  gradually  displaced  by  the  safety 
.  match.  In  these  the  head  of  the  match  consists  chiefly  of  a  mixture 
of  potassium  chlorate  and  antimony  sulphide.  They  are  ignited  by 
strildng  tibem  on  a  surface  coated  with  red  phosphorus. 


PHOSPHORUS  AND  HTDROGEH. 

There  are  three  hydrides  of  phosphorus  known,  which  are  all 
formed  by  boiling  phosphorus  with  strong  potash  or  soda-lye,  or  with 
milk  of  lune. 

3NaOH  +  P4  +  3H,0  -  3NaH,PO,  +  PH.. 

It  is  also  produced  by  the  action  of  water  on  calcium  and  other  phos- 
phides. 

3Ca,P,  +  laHjO  -  6Ca(OH),  +  4PH,  +  P^ 

It  appears  as  a  gaseous  mixture,  which  takes  fire  spontaneously  on 
coming  to  the  air.  When  the  beak  of  the  retort  in  which  it  is  pre- 
pared dips  under  water,  a  precaution  always  to  he  taken,  each  bubble 
ignites  on  coming  to  the  surface,  prcxiucing  beautiful  white  rings  of 
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PjOg.  This  inflammable  gas,  composed  mostly  of  PH„  is  found, 
on  examination,  to  contain  also  a  liquid  compound,  P3H4,  which  is 
highly  inflammable  on  exposure  to  air,  while  the  gas  PH,  is  not. 
This  yellow  volatile  liquid,  on  standing  in  sunlight,  deposits  a  yellow 
solid,  P4H,. 

Iliospliin  (Phosphoretted  Hydrogen) ,  PH„  is  a  colorless  gas, 
sparingly  soluble  in  water,  and  has  a  strong  alliaceous  odor. 

The  impure  gas  is  formed  during  the  putrefactive  decomposition 
of  organic  substances  containing  phosphorus,  especially  under  water, 
and  takes  fire  spontaneously  on  rising  to  the  surface,  producing  the 
ignis  fatuuSi  or  ^*  Will  o'  the  Wisp,"  sometimes  seen  in  marshy  places. 
The  gas  is  very  poisonous,  even  in  small  quantities.  The  blood, 
after  deaths  caused  by  it,  is  found  to  be  dark-colored,  with  a  violet 
tinge,  and  has  lost  the  power  of  absorbing  oxygen.  It  poisons 
by  its  reducing  action  on  the  blood.     Its  density  is  17,  and  its  sp.  gr. 

1. 134. 

Phosphin  re3embles,  in  chemical  behavior,  the  corre^x>iiding  com- 
pound of  nitrogen,  NH,.  It  unites  directly  with  HBr  aini  HI  to  form 
phosphonium  bromide,  PH^Br,  and  iodide,  PHJ,  corre^x>iiding 
with  the  ammonium  compounds,  NH^Br  and  NH4I. 


PHOSPHORUS  AND  THE  HALOGENS. 

Phosphorus  forms  the  following  cx>mpounds  with  the  halogen  group: 

PFp  PC1„  PBip  PI,. 
PF,,  PCI4,  PBr..  P^. 

Phosphorus  forms  four  compounds  with  chlorine.  Phosphorus  trichloride, 
PC1„  is  a  coloriess  fuming  liqmd,  boiling  at  74?  C.  (165.2**  F.),  sp.  gr.  1.64,  and  pre- 
pared by  direct  union  of  the  elements.  It  is  much  xised  as  a  reagent  in  oiganic 
chemistry. 

Phosphorus  pentachloride,  PCI5,  is  a  yellowish-white,  crystalline  solid, 
fuming  in  the  air,  and  subliming  without  fusion  when  heated.  It  is  prepared  by 
treating  PCI,  with  an  excess  of  chlorine,  and  is  used  as  a  reagent  in  organic  chem- 
istry. 

Phosphorus  ozychloride,  POCl„  is  formed  by  the  action  of  a  limited  quantity 
of  water  on  the  pentachloride.  It  is  a  colorless  liquid  witfi  a  pungent  odor  and  a 
sp.  gr.  of  1.7.  Boils  at  1 10°  C.  (230°  F.).  Phosphorus  thiochlonde,  PSCl,  is  also 
known.  Phosphorus  unites  directly  with  bromine,  giving  a  tribromide,  a  penta- 
bromide,  an  oxybromide,  POBr,  and  a  thiobromide,  PSBr,  and,  with  iodine,  giving 
two  crystalline  solid  compounds,  PI,  and  PJ[^;  and,  with  fluorine,  giving  PF,  and 
PFj.  These  latter  compounds,  as  well  as  those  of  phosphorus  with  sulphur,  of 
which  there  are  six  known,  are  of  no  special  interest  to  me  medical  student. 
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PHOSPHORUS  AND  OXYGEN. 

The  foUowing  oxides  and  adds  of  phosphorus  are  known: 

P4O,  Pfaoflphorns  Monoxide  Hi=PZo-H      Hypopho^onmiAcid, 

O 

PgO^  Phoq>honi8  Triozide.  H— r^;^]^      Phoqihorout Add. 

P.O^,  Pho^horus  Tetrozide. 

PjO,,  Phoqihonu  Pentozide  or        wZnllo— 4^    Ph/Mmhnr4r  a^^a 
Pho^ric  Anhydride.         iZo^'^^    Phosphoric  Acid. 

H— O— ^=" 

Pyrof^oiphoric  Acid. 


<!> 


H— O— F^     MeUphosphoric  Add. 

It  will  be  observed  that  phosphorus  is  pentivalent  in  all  these  adds 
— i.  e,,  its  valence  does  not  vary  as  do  most  other  elements  in  forming 
the  different  classes  of  adds. 

Hypophosphorous  Acid,  Acidum  Hypophosphorosum  (U.  S.  P.). 
— ^HJPOa-  When  ordinary  phosphorus  is  bofled  with  a  solution  of 
sodium,  potassiiun,  barium,  or  caldum  hydroxide,  phosphorus  hydride 
escapes,  and  there  is  formed  in  the  solution  a  hypophosphite  of  the 
metal  present. 

3Ba(OH),  +  8P  -f  6H,0  -  3Ba(H,PO,),  +  aPH,. 

The  add  may  be  prepared  from  the  barium  salt  by  treatment  with 
enough  dilute  sulphuric  add  to  predpitate  the  barium  as  sulphate. 
The  filtered  solution  is  then  to  be  concentrated  under  the  air-pump, 
as  heat  decomposes  it.  The  add  thus  prepared  is  a  colorless,  syrupy, 
strongly  add  liquid;  it  is  unstable  in  the  air,  gradually  changing  into 
phosphorous  and  phosphoric  adds.  The  official  add  is  seldom  pre- 
scribed, but  several  of  its  salts  are  used  in  medicine.  They  are 
administered  in  powder,  pill,  in  solution  in  water  with  a  little  citric 
add,  or  in  the  form  of  syrup.  They  have  a  strong  reducing  action  on 
many  metallic  salts,  and  this  should  be  remembered  in  prescribing 
&em.  Mercuric  chloride  is  reduced  to  metallic  mercury  by  the 
alkaline  hypophosphites,  and  ferric  to  ferrous  salts. 

Acidum  hypophosphorostun  dilutum  (U.  S.  P.)  is  a  color- 
less, odorless  liquid,  misdble  in  all  proportions  with  water.  It  should 
contain  ten  per  cent,  of  absolute  hypophosphorous  add,  RgPO,  or 
HPH,0,. 
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When  subjected  to  high  temperatures  it  breaks  up  into  PH,  and 
HgPO^  the  PH,  igniting  on  contact  with  the  air. 

Tests. — I .  Silver  nitrate  gives  a  black  precipitate  of  metallic  silver. 

2.  When  gently  heated  with  CUSO4  solution^  a  yellow  precipitate  of  hydride 
of  copper  falls,  which  rapidly  turns  reddish  brown. 

Hypophosphorous  as  well  as  phosphorous  add  is  peculiar  in  its  composition. 
While  there  are  three  atoms  of  hydrogen  in  the  molecules  of  both  adds,  but  one  in 
the  first  and  two  in  the  second  are  basic — f.«.,  that  can  be  replaced  by  a  basic  radical 
or  metallic  atom.  In  these  two  adds  the  phosphorus  is  pentad,  as  in  phosphoric 
add.  In  hypophosphorous  add  two  non-basic  hydrogen  atoms  are  beheved  to  be 
united  directly  to  the  phosphorus,  while  the  basic  hydrogen  atom  is  linked  to  it  by 
an  oxygen  atom,  thus: 

P— O— H.  t|— O— H  tl— OH 

— H  0""p— O— H  0~"p— OH 

— H  ■"!— H  ■"!— OH 

HTpophotphorous  Add.  Photphoroua  Add.  Pbotphoric  Add. 

Phosphorous  Oxide,  Phosphorus  Triozide^—P^O,.  This 
compound  is  formed  by  the  slow  oxidation  of  phosphorus  in  dry  air. 

When  dissolved  in  water  it  forms  phosphorous  acid,  JtZo^P— h 

P.Oi  +  3H,0  -  aHjPO,  or  aH^HO^ 

'  niosphorous  acid  is  a  colorless  liquid,  which  is  easily  oxidized 
to  phosphoric  add  by  absorbing  oxygen  from  the  air.  It  b  a  dibasic 
add.    Its  salts  are  known  as  phosphites. 

NaJPHO,    Sodium  phosphite. 
K^HO,      Potassium  pnosphite. 

Tests. — I.  With  HgCl,  it  gives  a  white  ppt.  consisting  of  Hg,Qj. 

3.  WithAgNO,  it  gives  a  black  ppt.  of  metallic  silver. 

Phosphoric  Oxide,  Phosphorus  Pentozide.— P^Og.  This  is 
formed  by  the  rapid  burning  of  phosphorus  in  the  air,  and  rises  as 
a  voliuninous  white  doud.  It  has  a  powerful  affinity  for  water,  with 
which  it  combines  with  a  hissing  noise,  forming  metaphosphoric  add; 
this,  when  heated  wiih  more  water,  is  converted  into  orthophos- 
phoric  add. 

P,0,  +  H,0  -  3HPO,. 
2HPO,  -f  2H,0  -  aHjPO^. 

Orthophosphoric  acid,  or  common  phosphoric  acid,  H3PO4, 

is  the  most  important  add  of  phosphorus.  It  is  readily  prepared  by 
boiling  phosphorus  with  diluted  nitric  add  and  evaporating  the  solu- 
tion to  a  syrupy  consistency. 

A  very  strong  nitric  add  should  not  be  used,  because  the  oxidation 
would  then  be  so  rapid  that  an  explosion  might  occur. 

3P,  +  loHNO,  +  4H,0  -  6H,P0,  +  5^ fir 
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It  may  also  be  made  by  decomposing  phosphates  with  sulphuric 
add.    It  is  a  tribasic  add  forming  three  series  of  salts,  namdy: 

I.  Normal  Salts. 

Na,P04      Trisodium  phosphate. 
Ca/POJ,  Tricalcium  phosphate. 

a.  Add  Salts. 

4  f  Na^HPO.  Disodium-hydrogen  phosphate. 
^  i  CaA(I*dj,  Dicaldum-hydrogen  phosphate. 
^  fNaH,P04      Sodium-dihydrogen  phosphate. 

iCaH^CPOJ,   MoiKxaldam-tetrahydrogen  phosphate. 

Those  under  A  have  a  neutral,  and  those  under  B  an  add  leactloo. 
3.  Doable  Salts. 

NH^MePO^  Ammonium-magnesium  phosphate. 
KBaPOf        Potassium-barium  phosphate. 

Acidtim  phosphoriciim  (U.  S.  P.)  is  a  colorless,  odorless,  non- 
fuming,  stroi^y  add  liquid,  containing  not  less  than  ei^ty-five  per 
cent  of  absolute  phosphoric  add.  Specific  gravity,  1.707  at  25^  C. 
(77^  F.).    It  is  misdble  in  all  proportions  with  water  and  alcohol. 

When  heated  to  200*^  C.  (392*^  F.)  it  loses  water,  and  is  gradually 
converted  into  p3rrophosphoric  add.  At  a  higher  temperature  it  is 
converted  into  metaphosphoric  add,  which  volatilizes  in  dense  fumes 
and  omdenses  into  a  transparent  mass  called  glacial  phoqihoric  acid. 

aHjPO^  —  ILO  -  H^Oj     Pyrophosphoric  add. 

al^Of  —  aH,0  -  alO^O,  Glacial  or  meUphosphoric  add. 

Acidtim  phosphoriciim  dilutom  (U.  S.  P.)  contains  ten  per 
cent  of  absolute  HjPO^.    Specific  gravi^  is  1.057  at  25*=*  C.  (77^  F.). 

Tests.— I.  Add  a  slij^ht  excess  of  NH^OH,  then  a  solution  of  NH4CI  and  some 
MgS04  solution.  A  white,  crystalline  predpitate  of  ammonium-magnesium  phos- 
phate Is  produced. 

HJPO4  +  MgSO^  +  3NH,OH  -  NH^gPO,  +  (NHJ^SO^  +  3H,0. 

9.  If  this  ppt  be  dissolved  in  dilute  acedc  add  and  a  solution  of  AgNO,  added, 
a  yellow  ppt  ot  silver  phosphate  is  produced. 

3.  If  a  solution  of  ammonium  molybdate  in  dilute  HNO.  be  added  to  phos- 
phoric add,  or  to  a  phosphate,  and  heat  applied,  a  yellow  ppt.  of  phosphomolybdate 
of  ammonium  is  produced.  The  ppt  is  readily  soluble  in  ammonia  water.  This  is 
a  very  delicate  test 

Acidom  phoq»horiciim  concentratom  and  acidum  phos- 
phorictim  dUutom  (Br.)  contain,  respectively,  66.3  and  13.8  per 
cent,  of  absolute  acid. 

Pyrophosphoric   Acid. — ^When   phosphoric   add    is   heated    to 
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about  200°  C.  (392®  F.),  two  molecules  of  the  acid  lose  one  molecule 
of  water,  and  then  unite  to  fonn  a  doubly  condensed  molecule,  H^PaOy, 
which  is  called  pyrophosphoric  acid.  This  is  a  tetrabasic  acid,  and 
forms  salts  called  p)rrophosphates.  Sodium  pyrophosphate  has  the  for- 
mula Na^PjOy.  If  instead  of  heating  the  add,  we  heat  the  acid 
sodium  phosphate,  NaH2P04,  we  obtain  the  acid  pyrophosphate, 
H^a^PaOy.  This  salt  has  been  used  in  the  manufacture  of  baking 
powder. 

Tests. — 1.  It  gives  a  white  ppt  with  ammonio-nitrate  of  silver.  The  ortho- 
add  gives  a  yellow  ppt 

2.  It  is  not  preapltated  by  ammonium  molybdate,  and  does  not  coagulate 
albumin. 

Metaphosphoric    Acid,    Glacial    Phosphoric    Acid.^HPO,. 

When  pyrophosphoric  add  is  heated  almost  to  redness,  metaphosphoric 
add  is  produced  as  a  white,  glassy,  colorless  solid.  It  is  usually  pre- 
pared by  heating  ammonium  phosphate  to  a  red  heat. 

(NHJ^O,  -  3NH,  4-  H,0  +  HPO,. 

Metaphosphoric  acid  is  monobasic,  and  forms  salts  called  metaphos- 
phates.    NaPO,  is  the  formula  of  metaphosphate  of  sodium. 

Meta-  and  pyrophosphoric  adds  and  their  salts,  when  injected 
hypodermatically,  have  a  decided  inhibitory  action  upon  the  motor 
ganglia  of  the  heart,  and  may  even  cause  sudden  death  when  given 
in  too  large  quantities.  When  given  by  the  mouth  no  such  action 
occurs. 

Tests. — I.  The  metaphosphates  give  a  white  precipitate  with  ammonio-nitrate 
of  silver. 

2.  The  add  coagulates  albumin,  while  pyro-  and  oztho^hosphoric  adds  do 
not. 

3.  It  is  not  predpitated  by  MgSO^,  in  the  presence  of  NH4OH  and  NH^CI,  as 
is  the  ortho-acid. 

Phosphorus  and  Sulphur. — ^Several  compounds  of  phosphorus  and  sulphur 
are  known,  corresponding  to  the  compounds  with  oxygen.  They  are  obtainc^d  by 
heating  sulphur  with  red  phosphorus.  P^g  and  PSCl,  are  known,  and  salts  of  sul- 
pho-phosphoric  add,  as  KJPS^  — i,  e.,  a  phosphate  in  which  S  takes  the  place  of  O. 


ARSENIC  (Arsenicum). 

Aa=-  75. 

Occurrence. — ^Arsenic  occurs  native  and  as  metallic  arsenides; 
as  the  sulphides  orpiment|  As^Sg,  and  realgaX|  As^S,;  as  arsenical 
pyrites  or  mispickel,  FeAsS;  and  as  cobaltite,  CoAsS.  Besides  oc- 
curring in  these  minerals  in  considerable  quantities,  it  is  contained  in 
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small  quantities  in  a  great  number  of  other  minerals,  and  even  in  or- 
.ganic  substances.  The  element  and  the  sulphides  were  known  to  the 
ancients. 

Preparation. — It  is  usually  obtained  in  the  form  of  the  oxide  by 
calcining  mispickel  and  condensing  the  white  volatilized  AsjO,;  this 
oxide  is  then  strongly  heated  in  a  retort  with  chareoal,  when  the  ele- 
ment distils  over.  In  some  places  it  is  distilled  trpm  arsenical  pyrites 
in  dosed  retorts,  when  the  following  reaction  takes  place: 

FcS^AsJFc  -  As,  +  2FeS. 

Although  this  is  the  method  most  used,  it  may  be  obtained  from  other 
minerals  containing  it. 

Properties. — ^A  brittle,  steel-gray,  crystaUine  solid,  possessing  a 
metallic  luster  and  a  sp.  gr.  of  5.75.  It  also  exists  as  an  amorphous, 
lusterless,  black  mass,  easily  pulverized,  and  having  a  sp.  gr.  of  4.71. 
There  is  also  a  yellow  form,  soluble  in  carbon  disulphide,  and  resem- 
bling phosphorus.  At  a  high  temperature  all  these  allotropic  forms 
pass  into  the  ordinary  oystalline  form.  When  heated  without  contaa 
with  air,  under  ordinary  pressures,  it  sublimes  at  180*^  C.  (356®  F.) 
without  previous  fusion;  but  under  strong  pressure  it  fuses.  Its  vapor 
has  a  yellow  color  and  a  density  of  150;  its  molecular  weight  is,  there- 
fore, 300,  and  its  molecular  formula  As^.  •  At  a  white  heat  its  density 
is  75  and  molecular  formula  As,.  In  dry  air  it  is  permanent;  but 
when  heated  it  bums  with  a  bluish  flame,  emitting  the  odor  of  garlic 
and  white  fumes  of  arsenous  oxide,  As^O,.  It  combines  directly  with 
many  of  the  elements,  both  metallic  and  non-metallic,  as  chlorine, 
bromine,  iodine,  copper,  iron,  etc.,  yielding  arsenides.  The  metallic 
arsenides  resemble  alloys.  It  combines  readily  with  nascent  hydro- 
gen,  which  takes  it  from  any  of  its  soluble  compounds.  Nitric  and 
sulphuric  adds  are  decomposed  by  it,  without  forming  salts.  It  is 
oxidized  by  boiling  solutions  of  caustic  potash,  forming  potassium 
arsenite  and  arsenide,  and  arsin. 

Arsenic  is  used  in  pyrotechny,  in  the  manufactiure  of  fly-poison 
(under  the  name  of  cobalt),  rat  poison  (''rough  on  rats"),  shot,  and 
certain  pigments. 

ARSENIC  AND  HYDROGEN. 

Hydrogen  Arsenide,  Arseniuretted  Hydrogen,  or  Arsin.— 
But  one  arsenide  of  hydrogen  is  known,  AsH,.  It  is  of  great  practical 
interest  to  the  toxicologist,  as  it  enters  into  some  of  the  most  delicate 
tests  for  the  detection  of  the  element.  It  may  be  prepared  by  a  num- 
ber of  reactions,  the  most  common  of  which  are  the  following: 

I.  By  decomposing  the  metallic  arsenides  with  hydrochloric  acid. 
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2,  By  the  action  of  nascent  hydrogen  upon  arsenical  compounds 
in  solution.  This  may  be  generated  in  the  hot  solution  by  the  action 
of  caustic  potash  or  dilute  sulphuric  acid  upon  metallic  zinc 

3.  By  the  reducing  action  of  moist  organic  matter  upon  compounds 
of  arsenic 

It  is  a  colorless  gas,  with  a  strong  garlic  odor,  combustible  in  air, 
burning  with  a  bluish-white  flame,  and  emitting  white  fumes  of  As^O,. 
A  cold  surface  pressed  down  upon  this  flame  receives  a  black  stain  of 
arsenic  When  passed  through  a  tube  heated  to  a  dull  red  heat,  it  is 
decomposed  into  hydrogen  and  arsenic,  which  last  deposits  in  the 
cooler  part  of  the  tube  as  a  metallic  mirror.    (See  Marsh's  Test,  p. 

177.) 

The  gas  is  readily  decomposed  by  oxidizing  agents  and  the  alka> 
line  hydroxides.    It  is  exceedingly  poisonous. 

Arsenic  dimethjd  or  cacodyl,  As(CH^,  or  As^CI^4,  may  be  regarded  as 
arsin  with  methyl  replacing  the  hydrogen  atoms.  Caoodylic  oxide  may  be  prepared 
by  disrilHng  a  mixture  of  As,0,  and  potassium  acetate,  as  a  liquid  having  the  odor 
of  garlic,  and  taking  fire  spontaneously,  due  to  the  presence  of  some  cacoc^L  When 
received  under  water  it  sinks  to  the  bottom.  Its  formula  is  As^CH^40.  When 
slowly  oxidized  in  the  air  it  forms  cacodyl  cacodylate. 

^Sii>\  ^  «  -  M^^> 

When  this  is  dissolved  in  water  it  forms  cacodylic  add,  or  dimethjd  anenic  add. 

.Ai^Jrw^*^     +     H,0     -     2AsO(CH0^OH     +     aAs(CH,),0 
aASU^Utt,;,/  CacodyKc  Add.  CacodyKc  Gride 

or  AlkAnm. 

The  cacodylate  of  sodium  has  been  used  in  medidne  for  internal  administration* 
Its  offensive  odor  makes  its  use  objectionable  to  most  persons. 

ARSENIC  AND  THE  HALOGEN  ELEMENTS. 

Arsenic  forms  one  compound  with  each  of  this  group  of  elements, 
having  the  general  formula  AsR,,  in  which  R  stands  for  a  halogen 
atom. 

The  trifluoride  and  the  trichloride  are  liquids,  the  first  boiling  at 
63*^  C.  (145.4*"  F.)  and  the  second  at  134*^  C.  (273^  F.).  They  are 
formed  when  a  fluoride  or  chloride  is  heated  witfi  arsenic  trioxide 
and  sulphuric  add. 

The  tri-iodide  and  tribromide  of  arsenic  are  obtained  by  direct 
union  of  the  dements.  They  are  both  solids.  The  tri-iodide, 
arsenii  iodiduxn,  Asl,,  is  official.  It  occurs  as  glossy,  orange-red, 
crystalline  masses  or  scales.  It  has  an  iodine-like  odor,  gradually 
losing  iodine  upon  exposure  to  light  and  air.  It  is  soluble  in  about 
seven  parts  of  water  and  in  thirty  parts  of  alcohol.    The  aqueous 
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solution  gradually  decomposes  into  arsenous  and  hvdriodic  adds.  It 
is  used  in  the  preparation  of  liquor  aisenii  at  nydrargyri  iodidi 
(Donovan's  solution)  (U.  S.  P.,  Br.).  This  solution  contains  one  per 
cent  each  of  Asl,  and  Hgl,. 

OXIDES  AND  ACIDS  OF  ARSBKIC. 

Arsenic  forms  two  oxides,  with  corresponding  acids: 

H— Ov 
0=As— O— As=0  H— O-7AS 

H— O'^ 
Anenoos  Oxide  or  Anhydride.  Arsenous  Acid. 

Anenic  Oxide  or  Anhydride.  ArMnic  Add. 

Arsenous  oxide,  arseni  trioxidum  (U.  S.  P.),  acidum  arseniosum 
(Br.),  As^O,,  is  the  most  important  of  the  compounds  of  arsenic.  It  oc- 
curs in  nature  as  arsenic  '*  bloom.''  In  commerce  as  white  arsenic  and 
in  an  impure  form  unde!"  the  name  of  rough  on  rats.  It  is  obtained 
"artificially  as  a  side-product  in  roasting  ores  of  other  metals  containing 
arsenic,  when  it  volatilizes  and  is  condensed  in  large  chambers  as  a 
white  powder.  It  is  purified  by  resublimation  in  iron  retorts,  and  is 
obtained  in  the  form  of  a  white  powder  or  glassy-looking  solid,  of 
a  sp.  gr.  of  3.69. 

Properties. — ^As  ordinarily  met  with,  "white  arsenic"  is  a  white, 
somewhat  gritty  powder,  which  under  the  microscope  is  seen  to  be 
made  up  of  more  or  less  regular  octahedral  crystals.  When  the  vapor 
is  rapidly  cooled,  the  crystals  take  the  form  of  rhombic  prisms,  and 
it  is,  therefore,  dimorphous*  When  heated,  it  sublimes  without  fusing 
at  about  218*^  C.  (424®  F.).  When  heated  in  sealed  tubes,  it  melts 
into  a  vitreous  mass.  The  density  of  the  vapor  is  198,  corresponding 
to  the  formula  Asfi^^  which  is  probably  the  formula  of  the  vitreous 
variety,  while  that  of  the  octahedral  variety  is  As^O,.  It  is  soluble 
with  difficulty  in  water,  forming  a  sweetish,  metallic,  and  nauseous- 
tasting  poisonous  solution  of  arsenous  acid  (q,  v.).  It  enters  into  com- 
bination with  hydrochloric  add  and  alkaline  hydroxides,  the  arsenic 
atoms  playing  tiie  basic  r61e  in  the  former  and  the  add  r61e  in  the 
latter.  Nascent  hydrogen  reduces  the  oxide  and  converts  it  into  arsin, 
AsH^  while  oxidizing  agents  convert  it  into  arsenic  acid. 

Arsenous  acid|  HgAsO,,  is  formed  by  dissolving  As^O,  in  water. 
A  solution  of  tiie  add  in  dilute  hydrochloric  acid  is  official  under  the 
name  of  liquor  acidi  arsenosi  (U.  S.  P.),  liquor  arsenic!  hydro- 
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chloricus  (Br.),  containing  one  per  cent,  of  As,0,.  It  forms  a 
series  of  salts  called  arsenites.  Potassium  arsenite  is  official  as 
Fowler's  solution,  or  liq.  potass,  arsenitis  (U.  S.  P.),  liq. 
arsenicalis  (Br.).  . 

Scheele's  green  is  an  arsenite  of  copper,  used  as  a  pigment.  Paris 
green  is  a  mixture  of  acetate  and  arsenite  of  copper. 

Arsenic  oxidei  AsjOg,  is  a  white,  amorphous,  deliquescent  solid, 
dissolving  in  water  to  produce  arsenic  acid. 

Arsenic  acid  is  usuaUy  prepared  by  warming  arsenous  add  with 
nitric  acid,  when  the  As,Oj  is  oxidized  at  the  expense  of  the  nitric 
acid.  On  evaporating,  the  solution  yields  needle-shaped  crystals  of 
H^O^.  The  aqueous  solution  is  strongly  acid.  On  heating  the 
crystals  of  arsenic  acid,  both  the  pyro-arsenic  and  meta-arsenic  acids 
are  produced,  corresponding  to  the  similar  acids  of  phosphorus.  But 
one  salt  of  this  acid  is  official,  sodium  arsenate,  Na,HAs04.7H20; 
also  a  solution  of  this  salt,  liquor  sodii  arsenatis  (U.  S.  P.^  Br.). 


ARSENIC  AUD  SULPHUR. 

There  are  at  least  three  well-known  compounds  of  arsenic  and 
sulphur,  AsjSj,  AsjSj,  and  AsjSj. 

Arsenous  sulphide,  AsjS,,  occurs  native  as  orpiment,  in  the 
form  of  golden-yellow,  crystalline  masses.  It  may  hie  prepared  arti- 
ficially by  precipitating  arsenous  acid  or  its  salts  with  hydric  sulphide, 
or  by  heating  together  sulphur  and  arsenous  oxide,  AsjO,.  It  is 
lemon-yellow  in  color,  soluble  in  the  alkaline  hydroxides  and  in 
yellow  ammonium  sulphide,  but  insoluble  in  water  and  dilute  adds. 
It  may  be  regarded  as  an  anhydride  of  thio-arsenous  acid,  as  it  forms 
thio-arsenites  with  alkaline  hydroxides. 

As^,  +  4KOH  =  HE^VsO,  +  HK^sS,  -j-  H,0. 

Arsenic  pentasulphide,  As^Sj,  is  also  a  bright  yellow  powder, 
but  is  of  no  spedal  interest. 

Arsenic  disulphide,  As^S,,  occurs  native,  as  realgar,  in  the  form 
of  orange-red,  crystalline  masses  of  sp.  gr.  3.5.  Realgar  and  orpi- 
ment  are  used  as  pigments. 

Physiological  Effects. — ^Arsenic  is  much  used  as  a  therapeutic 
agent  in  malarial  diseases,  anemia,  chorea,  and  diseases  of  the  skin. 
It  is  given  alone  or  with  other  remedies.  It  is  given  in  the  form  of 
arsenious  oxide,  in  t^^"  ^^  iV  S^-  doses  (o.ooi  to  0.005  8^0  ^^  ^  ^^ 
Liquor  acidi   arseniosi   or   Liquor  potassii  arsenitis,  the  dose 
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of  which  varies  from  5  to  10  drops.  It  is  frequently  given  in  gradu- 
ally increasing  doses  until  the  tissues  about  the  eyes  become  swollen 
or  colicky  pains  appear,  when  it  is  stopped  or  the  dose  reduced. 

Arsenic  Poisoning.— Toxicology. — From  the  earliest  history 
of  aursenic,  it  has  been  used  as  a  poison  for  criminal  purposes. 

While  every  physician  should  not  undertake  the  analysis  in  cases 
of  suspected  poisoning  by  this  agent,  a  knowledge  of  the  outlines  of 
the  chemist's  methods  of  analysis,  etc.,  will  teach  the  physician  to 
prepare  the  way  for  him.  Moreover,  a  few  preliminary  tests  by  the 
physician  may  frequently  save  much  unnecessary  litigation  and  expense 
in  suspected  cases.  Other  reasons  might  be  given  why  every  phy- 
sician should  have  some  knowledge  of  toxicological  science,  that  care 
may  be  taken  to  punish  the  guilty  and  protect  the  innocent.  The 
attending  physician  is  often  responsible  for  the  connection  of  the 
links  of  evidence.  All  compounds  of  arsenic  are  poisonous,  and  the 
poison  usuaUy  enters  the  system  by  the  mouth,  although  it  has  been 
absorbed  by  the  skin,  mucous  membranes,  or  abraded  surfaces  in 
sufficient  quantities  to  produce  poisonous  results,  especially  chronic 
poisoning. 

Colored  waU-paper,  colored  toys,  confectionery,  and  certain  anilin 
dyes  used  in  fabrics  may  give  rise  to  accidental  arsenical  poisoning. 

The  physician's  duty  in  cases  of  poisoning  may  be  briefly  stated  as  follows: 
In  case  foul  play  is  suspected,  he  should  not  fail  to  nuUce  careful  notes,  at  the  time, 
as  to  dates,  symptoms,  and  circumstances,  or  facts  leading  to  suspicion. 

The  physician  should  collect  and  preserve  the  urine,  feces,  vomit,  and  the  sus- 
pected vehicle  of  the  poison,  and  place  them  under  seal,  or  lock  and  key.  He  should 
test  some  one  or  all  of  these,  to  satisfy  himself  as  to  the  truth  or  falsity  of  his  suspicion. 
As  little  publicity  as  possible  should  be  given  to  matters  of  fact  or  of  opinion  at  the 
time.  He  should  not  be  too  ready  to  express  an  opinion  upon  the  origin  of  the 
poison,  in  cases  of  this  kind,  lest  he  jeopardize  the  reputation  of  his  patient  or 
others.  Whether  a  fatal  termination  is  expected  or  not,  it  is  wise  to  take  these 
precautions. 

In  case  of  fatal  termination,  he  shoxild  notify  the  prosecuting  officer  or  coroner 
of  his  suspicion,  and  immediately  request  an  autopsy;  but  he  is  not  released  from 
responsibility  in  the  case  by  so  doing,  nor  at  liber^  to  tell  all  he  knows,  until  sum- 
moned to  do  so  on  the  witness-stand. 

Before  attending  the  autopsy  the  ph3rsician  should  carefully  refresh  his  memory 
upon  the  directions  for  making  postmortem  examinations,  and  on  the  postmortem 
appearances  in  cases  of  poisoning,  whether  he  is  to  make  the  examination  himself 
or  not.  If  possible,  the  cnemist  who  is  to  make  the  analysis  should  be  present  at  the 
autopsy.  (See  Woodman  and  Tidy,  "Forensic  Medicine.")  The  entire  intestinal 
canal,  at  least  one-half  of  the  liver,  the  spleen,  one  kidney,  the  brain,  and  any  urine 
remaining  in  the  bladder  should  be  saved.  The  entire  intestinal  canal,  ligatured  at 
both  ends  of  the  stomach  and  left  unopened,  is  to  be  preserved  in  one  jar,  while  the 
other  or^ns  may  be  placed  in  another  jar.  These  jars  must  be  new  and  clean,  and 
dosed  with  new  corks  or  glass — not  with  metal  caps.  They  are  then  to  be  closed  with 
a  seal,  with  some  peculiar  stamp  upon  it,  so  that  they  cannot  be  opened  without 
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detection.  They  must  not  be  intrusted  to  a  servant  or  any  irresponsible  person, 
but  turned  over  as  soon  as  possible  to  the  chemist,  to  the  prosecuting  officer,  or  to 
the  coroner.  Notes  to  be  admitted  on  the  witness-stand  must  be  oiiginied;  not  a  copy 
of  those  taJLen  at  the  time  to  which  they  refer. 

^rmptoms  of  Arsenical  Poisoning. — Poisoning  by  arsenic 
is  usually  from  arsenious  oxide,  or  "white  arsenic"  The  symp- 
toms are  those  of  an  intense  irritant.  There  is  usually  marked  burning 
pain  in  the  epigastrium,  increased  by  pressure.  Violent  vomiting, 
tenesmus,  burning  pains  at  the  anus,  and  painful  cramps  in  the  legs 
are  usually  present  Intense  thirst,  dry,  hot  skin,  severe  headache, 
small,  rapid  pulse,  anxious,  pinched  countenance,  the  eyes  suffused 
and  smarting,  tongue  dry  and  furred,  photophobia,  great  restlessness, 
nervous  twitchings,  with  a  perfectly  dear  mind,  are  symptoms  usually 
to  be  expected.  The  urine  is  diminished,  with  frequent  and  painful 
micturition.  These  symptoms  may  end  in  tetanic  convulsions,  collapse, 
or  coma  and  death.  The  minimum  fatal  dose  reported  is  2  grs.,  and 
the  shortest  interval  before  death  twenty  minutes.  A  much  la^r  dose 
than  2  grs.  has  been  recovered  from,  and  the  usual  time  before  death 
is  from  twelve  to  twenty-four  hours,  and  often  longer.  Chronic  arsen- 
ical poisoning  is  usually  attended  by  conjunctival  inflammation  and  irri- 
tation of  the  skin,  with  a  vesicular  or  nettle-rash  eruption  similar  to 
that  of  scarlet  fever.  Irritation  of  the  stomach  and  bowels,  exfoliation 
of  the  cuticle  of  the  skin  and  tongue,  and  falling  of  the  hair  have  been 
noticed.  Local  paralyses,  preceded  by  numbness  or  tingling  of  the 
toes  and  fingers,  and  ma^ed  nervous  disorders  are  of  common 
occurrence. 

Treatment. — Remove  any  unabsorbed  poison  from  the  stomach 
by  emetics  or  by  thorough  irrigation  with  the  stomach-tube. 

The  best  antidote  is  fredily  precipitated  ferric  or  magnesium 
hydroxide  or  a  solution  of  dialyzed  iron. 

The  solution  of  dialyzed  iron,  now  found  in  the  shops,  may  be  used  instead  of 
the  above,  and  may  be  given  in  teaspoonful  doses  at  short  intervals.  This  forms 
an  insoluble  compound  with  the  arsenous  add,  and  thus  prevents  further  absorption. 

There  are  two  official  antidotes:  z.  Freshly  prepared  ferric  hydroxide, 
Perri  hydroxidum  (U.  S.  P.).  This  is  made  by  adding  ammonia  water  to 
a  solution  of  ferric  sulphate,  thoroughly  washing  the  precipitate  with  water  to  re- 
move the  ammonia,  which  is  a  strong  causdc,  and  suspending  the  precipitate  in 
water. 

2.  Ferri  hydroxidum  cum  magnesii  oxido  (U.  S.  P.).  It  is  directed  that  a 
solution  of  ferric  sulphate  and  a  mixtiu^  of  magnesium  oxide  and  water  be  kept  on 
hand,  and,  when  wanted,  the  two  poured  together  and  shaken  up.  Ferric  hydroxide 
and  magnesium  sulphate  are  formed.  This  mixture  has  the  advantage  of  being  free 
from  ammonia,  while  the  presence  of  magnesium  sulphate  is  an  additional 
advantage. 

The  symptoms  caused  by  the  absorbed  poison  are  to  be  treated  as 
they  arise. 
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Tests. — ^Therc  have  been  devised  a  large  number  of  tests  for  the 
detection  and  identification  of  arsenic.  Some  of  these  are  easy  of 
application,  while  others  will  be  used  only  by  the  chemist. .  We  can  only 
give  the  outline  of  these  tests  and  leave  the  student  to  consult 
special  works  for  details.  The  analysis  after  death,  in  cases  of  sus- 
pected poisoning,  should  not  be  imdertaken  by  the  physician,  pharma- 
cist, nor  even  by  a  chemist,  unless  he  has  a  well-equipped  laboratory, 
in  which  he  can  conduct  the  analysis  from  beginning  to  end,  alone, 
and  without  interruption.  During  the  life  of  the  patient  the  physician 
should  be  able  to  test  the  urine,  feces,  suspected  articles  of  diet,  medi- 
cines, etc.,  for  the  presence  or  absence  of  arsenic.  For  this  purpose 
he  naay  use  Reinsch's  or  Marsh's  test,  but  it  must  be  understood  that 
neither  of  these  tests  alone,  when  performed  as  about  to  be  described, 
is  to  be  relied  upon  as  positively  certain. 


Flo  57. 

Reinsch's  test  may  be  conducted  as  follows: 

To  a  portion  of  the  urine  or  other  siispected  liquid,  add  about  one-sixth  it^  vol- 
ume of  pure  hydrochloric  add  and  some  strips  of  pure  copper-foil  and  boil  th6 
solutk>n.  If  arsenic  be  present,  a  steel-gray  or  bluish  deposit  will  be  formed  on  the 
surface  of  the  copper.  This  deposit  is  not  positive  proof  of  arsenic,  however,  as 
antimony,  bismuth,  and  mercury  may  give  similar  deposits;  it  is  necessary  to  apply 
tests  to  this  deposit  in  order  to  determine  its  identity.  For  this  purpose  the  copper  is 
removed,  washed  in  water,  dried  between  folds  of  filter-paper,  and  placed  in  a  clean, 
dry,  wide  test-tube  and  heated  to  a  dull  red  heat,  taking  care  to  heat  only  that  portion 
of  the  tube  containing  the  copper.  The  tube  may  then  be  broken  and  the  inner  side 
of  the  tegments  examined  with  a  microscope  for  octahedral  crystals  of  arscnous 
oxide.  Tne  copper  and  the  acid  used  must  be  shown  to  give  no  stain  on  prolonged 
boilijiff  with  distilled  water.    This  blank  experiment  must  always  be  performed. 

Marsh's  test  may  be  conducted  as  follows-  Although  the  indications  afforded 
by  it  are  not  conclusive  in  the  presence  of  organic  matters,  it  should  always  be  used 
to  confirm  Reinsch's  test  Into  a  bottle  A,  holding  about  150  c.c,  introduce 
13 
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some  pieces  of  zinc,  free  from  arsenic  and  antimony;  then  pour  over  these  some 
water  acidulated  with  sulphuric  acid;  close  the  flask  with  a  cork  containing  a  funnel 
tube  and  a  delivery  tube  drawn  to  a  fine  point.  It  is  best  to  introduce  a  bulb-tube 
containing  a  pledget  of  cotton  arranged  as  at  c,  figure  5  7.  After  allowing  the  genera- 
tion of  hydrogen  to  go  on  for  a  considerable  time,  to  expel  the  air  from  tl^  upper  part 
of  the  flask, — say,  half  an  hour, — light  the  gas  at  the  open  end  of  the  delivery  tube 
df  and  press  a  cold  porcelain  surface  down  upon  the  flame.  If  the  materials  used 
are  free  from  arsenic  and  antimony,  there  will  be  no  black  stain  produced  on  the 
porcelain. 

Having  determined  that  the  apparatus  and  materials  are  free  from  arsenic, 

Eut  out  the  flame  and  pour  the  suspected  fluid  through  the  funnel  tube  so  as  to  admit 
ttle  or  no  air  with  it  into  the  flask.  Now  ignite  me  gas  and  test  the  flame  again 
with  the  cold  porcelain  surface.  A  brilliant  black  or  brown  stain,  soluble  in  a  solu- 
tion of  chlorinated  soda,  is  probably  arsenic  Moisten  one  of  these  spots  with  nitric 
acid,  when  it  should  disappear;  evaporate  the  acid  over  a  lamp,  moisten  the  s{x>t 
with  water,  and  hold  the  dish  over  a  vessel  containing  sulphuretted  hydrogen  pre- 
pared by  the  action  of  sulphuric  or  hydrochloric  acid  upon  sodium  or  potassium 
sulphide.  If  the  stain  was  due  to  arsenic  the  spot  will  turn  lemon-yellow.  The 
antimony  mirror  is  insoluble  in  chlorinated  soda  (Labanaque's  solution),  and  after 
treatment  as  above  sives  an  orange  stain.  Now  soften  the  slass,  bend  the  delivery 
tube  downward,  and  let  it  dip  into  a  solution  of  AgNO,;  after  an  hour  pour  some 
very  weak  solution  of  NH^OH  upon  the  surface  of  Uie  AgNO,  solution.  A  yellow 
precipitate  at  the  line  of  separation  of  the  two  liquids  shows  the  presence  of  arsenic. 


Fig.  58. 

If  the  substance  to  be  tested  is  a  solid,  a  small  portion  of  it  may  be  thrown  upon  a 
glowing  charcoal,  when  arsenic,  if  present,  will  give  an  odor  resembling  garlic. 

Fleitnuum*!  Test. — Heat  to  boiling  in  a  test-tube  a  strong  solution  of  potas- 
sium hydroxide  in  which  some  pieces  of  zinc  or  aluminum  have  been  placed.  Add 
a  drop  or  two  of  the  suspectect  solution,  spread  a  cap  of  filtering  paper  over  the 
mouth  of  the  tube,  and  moisten  it  with  a  little  nitrate  of  silver  solution.  A  brown 
or  black  stain  of  metallic  silver  will  appear  upon  the  paper  if  arsenic  b  present  The 
arsenous  oxide  is  decomposed,  the  nascent  hydrogen  combines  with  tne  arsenic  and 
forms  arsin,  AsH,,  which  reacts  with  the  silver  nitrate,  redudns  it  to  metallic  silver. 
This  test  is  verv  valuable,  enabling  the  analyst  to  distinguish  between  arsenic  and 
antimony,  which  latter  does  not  give  this  reaction. 

Other  Tests. — ^Sulphuretted  hydrogen,  H,S,  passed  into  an  acidulated  solution 
containinf^  arsenous  acid,  throws  down  a  lemon-yellow  precipitate,  consisting  of 
As^s,  which  dissolves  in  ammonia  water  and  is  repredpitated  by  adds. 

If  solid  arsenous  oxide  is  mixed  with  some  powdered  charcoal  and  dry  potassium 
carbonate,  and  placed  in  the  bottom  of  a  very  narrow  test-tube,  or,  better,  a  glass 
tube  drawn  out  and  having  a  bulb  at  one  end  (Fig.  58),  and  heated,  the  arsenous 
oxide  is  reduced,  and  metaUic  arsenic  is  deposited  in  the  form  of  a  ring  on  the  cooler 
part  of  the  tube. 

The  lower  }>art  of  the  tube  may  now  be  broken  off  and  the  arsenic  mirror 
heated;  there  being  free  access  of  air,  the  arsenic  is  oxidized  and  deposited  in  the 
upper  part  of  the  tube,  in  the  form  of  octahedral  crystals  of  arsenous  oxide.  These 
crystals  may  be  dissolved  in  hot  water  and  tested  as  follows: 

Ammonionitrate  of  silver  gives  a  lemon-yeUow  predpitate,  with  arsenous 
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add  sohitioiis,  of  arsenhe  of  silver»  Ag^O^  It  gives  a  brown  precipitate,  Ag^SO^, 
with  arsenic  add. 

Ammoiiiowilphate  of  copper  sives  a  (prass-green  predpitate  of  arsenite  of 
cc^per,  aJso  called  Scheele's  green,  CuHAsO^  with  solutions  of  arsenous  add. 

Bettendorff 'f  Test. — Add  a  freshly  prepared  solution  of  stannous  chloride  to 
any  arsenic  compound,  dissolved  in  strong  hydrochloric  add,  place  in  the  mixture 
a  small  piece  of  tin-foil,  and  apply  heat;  a  brown  color  or  grayish  brown  predpitate 
is  formed,  according  to  the  amount  of  arsenic  present. 

Gtttzeit'f  Test. — Place  in  a  test-tube  about  i  gm.  of  pure  zinc  and  add  about 
5  c«c.  of  diluted  (about  6  per  cent)  sulphuric  add;  then  add  about  i  c.c.  of  the 
solution  to  be  tested,  which  should  not  be  alkaline.  Now  fix  a  plug  of  cotton,  moist- 
ened with  lead  acetate  solution,  in  the  test-tube  not  far  from  the  top,and  fasten  over  the 
mouth  of  the  tube  a  cap  made  of  three  thicknesses  of  filter-paper,  and  apply  a  drop  or 
two  of  strons  solution  of  silver  nitrate  to  the  upper  one,  and  place  the  tube  m  a 
dark  box  and  allow  it  to  remain  for  some  time.  It  arsenic  is  present  in  the  solution, 
a  bright  3rellow  stain  will  appear  upon  the  filter-paper,  which  upon  the  addition  of 
water  becomes  black  or  brown.  Antimony,  when  subjected  to  the  above  test, 
gives  a  duk  color  at  once,  without  showing  a  previous  yellow  color.  The  zinc  and 
the  sulphuric  add  should  be  tested  before  appl^ng  the  above,  tgjnake  sure  that  they 
contain  no  arsenic.  These  tests  will  be  sumaent  to  enable  the  physician  to  dedde 
upon  the  presence  of  arsenic  during  the  life  of  the  patient,  and  guide  him  in  his 
treatment  and  behavior. 

The  chemist  who  undertakes  the  analysis,  in  cases  of  supposed 
poisoning,  has  no  easy  task.  He  must  not  confine  his  tests  to  any 
one  poison.  Poisons  are  generally  divided  into  two  groups,  inor- 
ganic and  organic.  The  limits  of  this  work  will  not  allow  us  to 
describe  the  details  of  procedure  for  the  chemist,  who  will  consult 
^)edal  works  on  toxicology. 

In  searching  for  mineral  poisons,  the  organic  matters  must  first  be  destroyed  or 
separated  by  dialysis.    For  the  latter  process,  see  page  66. 

For  the  destruction  of  oiganic  matter,  two  methods  may  be  used.  The  solid 
matters— the  stomach  and  other  orcans — are  to  be  cut  in  small  pieces  and  placed 
in  a  new  porcelain  dish,  mixed  with  hydrochloric  acid,  and  heated  over  a  water- 
bath.  SmaU  quantities  of  pure  potassium  chlorate  are  put  in,  from  time  to  time,  and 
stirred  until  the  organic  matter  is  destroyed.  Or,  sulphuric  and  nitric  adds  are  used 
to  thoroughly  char  the  organic  matter,  and  the  whole  diluted  with  water  and  filtered. 
The  metfus,  except  lead  and  barium,  pass  into  the  filtrate,  and  can  be  detected  by 
either  of  the  metliods  given  above,  or  by  other  methods.  These  solutions  may  hi 
evaporated  to  expd  chk>rine,  or  HNO„  and  treated  with  hydrosulphuric  acid  gas 
from  twenty-four  to  forty-eight  hours,  when  copper,  lead,  bismuth,  and  mercury 
give  black  or  brown  predpitates;  arsenic,  cadmium,  and  sometimes  tin  give  a  yellow 
and  antimony  an  cnange  predpitate.  In  searching  for  arsenic,  the  yellow  predpi- 
tate obtainea  is  separatea  from  the  liquid  by  filtration.  A  portion  of  this  is  to  be 
preserved  in  a  sealed  glass  tube.  The  remainder  is  oxidized  with  nitric  add, 
fused  with  sodium  carbonate  and  nitrate,  and  the  sodium  arsenate  thus  formed 
made  to  yield  silver  and  copper  arsenates;  the  former  a  reddish -brown  and  the  latter 
a  green  predpitate.  Other  portions  are  converted  into  the  octahedral  crystals  of 
trioxide,  into  the  metallic  state,  etc.,  the  object  beins  to  present  the  poison  in  court 
in  as  many  different  states  as  possible,  so  as  to  avoid  the  possibility  of  doubt  in  the 
minds  of  the  jury.  If  the  yellow  sulphide  (soluble  in  ammonia),  the  black  metal 
(so  called),  the  octahedral  crystals,  the  mirrors  with  the  above-mentioned  proper- 
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ties,  the  coated  copper  obtained  by  Reinsch's  test,  the  black  deposit  from  silver 
nitrate,  with  arsenite  in  the  filtrate,  from  Marsh's  test,  the  arsenite  and  arsenate  of 
silver,  and  arsenite  of  copper,  etc.,  etc.,  are  obtained  with  proper  precautions,  there 
is  no  room  for  doubt  that  the  substance  is  really  arsenic. 

For  further  directions  on  this  subject,  the  student  is  referred  to  some  spedai 
work  on  toxicology. 

ANTIMONY. 

(STIBIUM.) 
Sb  =>  1 19.6. 

Specific  Gravity,  6.71 .    Melting  Point,  450^^  C.  (843**  F.). 

Occurrence  and  Preparation. — Antimony  occurs  native;  but 
the  principal  source  is  the  trisulphide,  SbjS,,  called  stibnite.  It 
occurs  in  a  number  of  other  ores  as  sulphide  or  oxide. 

The  element  is  easily  obtained  by  roasting  the  sulphide  and  then 
fusing  the  oxide  thus  obtained  with  charcoal. 

Properties. — Antimony  is  a  bluish-white,  brittle,  crystalline  solid, 
isomorphous  with  arsenic,  and  resembling  zinc  in  color  and  luster. 
It  tarnishes  with  difficulty,  but  takes  fire  at  a  red  heat.  It  unites 
readily  with  chlorine,  forming  two  chlorides,  SbCl,  and  SbClj,  both 
of  which  are  decomposed  by  an  excess  of  water.  In  physical 
properties  it  resembles  the  metals,  with  which  it  forms  alloys.  In 
chemical  properties  it  plays  both  the  positive  and  negative  rdles  with 
facility.  It  is  used  as  a  constituent  of  type-metal.  Babbitt's  anjd- 
friction  metal,  Britannia,  etc.,  to  give  hardness  and  to  cause  them  to 
expand  in  cooling  and  completely  fill  the  molds. 

An  amorphous  variety  of  the  element  has  been  obtained  by 
electrolysis  of  a  solution  of  tartar  emetic  in  antimony  trichloride. 
It  resembles  graphite  in  appearance. 

ANTIMONT  AND  HTDROGEN. 

Hydrogen  Antimonide,  Stibin,  Antimoniuretted  Hydrogen. 
— SbH,.  A  colorless,  odorless  gas,  formed  under  the  same  conditions 
as  the  corresponding  compound  of  arsenic — 1.  e.,  by  nascent  hydrogen 
on  reducible  antimony  compounds.  It  differs  from  that  compound 
in  being  much  less  poisonous,  and  giving  a  different  reaction  with 
solutions  of  silver  nitrate,  as  shown  in  the  following  equations: 

6AgNO,  -f-  AsH,  +  3H,0  -  6HNO,  -h  H,AsO,  +  .3X0, 
3AgNO,  +  SbH,  -  3HNO,  -h  SbAg,  Mrtiaic 

Silver  Sliver. 

Antimooide. 

By  carefully  floating  a  solution  of  ammonium  hydroxide  over  the 
silver  nitrate  solution,  after  passing  AsHj  through  it  for  some  time, 
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a  yeUow  precipitate  of  arsenite  of  silver  will  be  formed  at  the  line  of 
separation  of  the  two  liquids,  while,  in  the  case  of  antimony,  no 
such  precipitate  will  be  formed.  SbH,  is  formed  in  Marsh's  ap- 
I)aratus  when  antimony  is  present,  and  it  is  likely  to  be  confounded 
with  arsenic  imless  very  great  pains  be  taken  to  avoid  it. 

The  mirror  obtained  on  the  porcelain,  or  in  the  delivery  tube, 
requires  a  higher  temperature  to  volatilize  it  in  the  case  of  anti- 
mony; it  is  difficultiy  soluble  in  hypochlorite  solution,  is  sooty 
and  less  brilliant  in  appearance,  there  is  no  garlic  odor,  and  by  oxida- 
tion it  does  not  form  crystals. 

AllTIMONT  AND  THE  HALOGENS. 

Two  chlorides  and  two  oxychlorides  of  antimony  are  known. 

Antimony  chloride, — antimony  trichloride  or  antimony 
protochloridey--butter  of  antimony,  SbCl„  may  be  obtained  by 
dissolving  the  trisulphide  in  hydrochloric  add. 

SbA  +  6Ha  -  aSbCl,  +  3H^. 

At  low  temperatures  it  is  a  crystalline  soKd,  and  melts  at  73.2®  C. 
(164**  F.)  to  a  yellow,  oUy  liquid.  A  solution  of  sp.  gr.  1.47  is  some- 
times used  as  an  escharotic.  On  the  addition  of  considerable  water, 
this  chloride  is  decomposed  into  the  ozychloride,  SbOCl,  formerly 
called  powder  of  algaroth.  SbCl,  is  poisonous,  acting  both  locally 
and  as  a  true  poison. 

Antimony  pentachloride,  SbCl^,  is  a  fuming,  colorless  liquid,  of 
little  interest  to  the  medical  student.  The  iodides,  bromides,  and 
fluorides  are  similar  to  the  trichloride  in  composition  and  properties. 
The  iodide  has  been  used  in  medicine. 

SULPHIDES  OF  ANTDfONT. 

Two  sulphides  and  several  oxysulphides  are  known.  Antimony 
trisulphide,  sulphuret  of  antimony,  black  antimony,  Sb^S,, 
occurs  native  as  a  steel-gray,  crystalline  solid.  Artificially,  it  may  be 
prepared  as  an  orange-kx)lored  powder,  by  precipitating  a  soluble 
antimony  salt  with  hydrogen  sulphide.  When  die  native  ore  is  roasted 
in  the  air  it  is  partially  decomposed,  and  fuses  into  a  vitreous,  some- 
what transparent  mass,  known  as  glass  of  antimony,  or  crocus. 

Antimonium  nigrum  purificatum  (Br.)  is  made  by  reducing 
sulfoxide  of  antimony  to  a  very  fine  powder,  and  then  macerating  with 
anmionia  water  for  several  days,  and  finally  washing -with  water  and 
drying.  It  is  a  grayish-black,  crystaUine  powder,  having  no  luster  and 
no  odor  or  taste. 
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Antimonium  sulphuratum  (Br.)  is  a  reddish-brown  powder 
prepared  by  dissolving  the  native  sulphide  in  a  solution  of  sodium 
hydroxide  and  reprecipitating  the  hot  solution  with  sulphuric  add. 
It  contains  a  litUe  antimonic  oxide,  Sb^O,,  but  is  mostly  Sb^S^ 
and  Sb^S,,  and  is  used  mostly  in  pill  form.  Plunmier's  pill,  pil. 
antimonii  comp.,  contains  the  sulphide  with  calomel. 

By  treating  a  hot  solution  of  the  trisulphide  with  sodium  thiosul- 
phate  a  fine,  red  precipitate  of  oxysulphide  is  obtained,  Sb,S,0,  known 
as  kermes  mineral,  and  which  is  used  as  a  pigment  under  the  name 
of  antimony  vermilion. 

Antimonic  sulphide,  or  antimony  pentasulphide,  Sb^S^,  is 
best  obtained  by  decomposing  sulphantimonates  with  a  dilute  add. 
It  is  an  orange-red  or  brown  powder,  readily  soluble  in  alkalies  and 
alkaline  sulphides,  forming  antimonates  and  sulphantimonates,  with 
the  general  formula  Mj'SbO^  and  MSbS^,  in  which  M  stands  for 
a  metallic  atom.  Sulphantimonates  of  silver,  lead,  and  iron  occur  as 
minerals. 

OXIDES  AND  ACIDS  OF  ANTIMOIIT. 

Three  oxides  are  known: 

Antimony  trioxide, Sb^O^  Metantimonic  add,  HSbO^ 

"  pentoxide, SbjO,. 

"  tetroxide, SbjO^  or  SbOSbO,. 

Antimony  trioxide,  antimonii  oxidum  (Br.),  Sb^O,,  is  obtained 
by  roasting  the  metal  in  air  or  by  treating  it  with  HNO,  and  evapo- 
rating the  excess  of  acid.  It  is  a  white,  amorphous  powder  capable  of 
being  sublimed.    It  is  insoluble  in  water,  alcohol,  or  nitric  acid. 

Metantimonic  add,  HSbO,,  is  obtained  as  a  white  precipitate  by  adding  a 
solution  of  sodium  carbonate  to  a  solution  of  SbCl^ 

2SbCl,  +  3Na,CO,  +  H,0  -  2HSbO,  -f-  6NaCl  -h  3CO,. 

By  boiling,  this  acid  is  changed  into  the  trioxide.  Antimony  reacts  with  both 
acids  and  alkalies  to  form  salts.  Thus,  we  have  NaSbO^  SbO(NO^,  and  Sb(NO,),. 
We  also  have  antimony  sulphate,  Sb2(SOJ„  and  antimonyl  sulphate,  (SbO),- 
(SO4),  the  former  obtained  by  dissolving  the  oxide  in  strong  and  the  latter  in 
dilute  sulphuric  acid.     Both  are  decomposed  by  excess  of  water. 

Antimonic  acid,  HjSbO^  is  obtamed,  as  a  white  powder,  insoluble  in  water 
and  nitric  acid,  by  treating  antimony  with  warm  concentrated  HNO^  Antimonous 
acid  is  first  produced,  but  on  standing  in  contact  with  excess  of  add,  it  b  converted 
into  metantimonic  acid. 

Sb,  +  4HNO,  -  2HSbO,  +  3NO,  +  NO  +  H,0. 
2HNO,  +  HSbO,  «  HjSbO^  +  2NO,. 

There  are  no  salts  of  antimonic  acid. 

Pyroantimonic  acid,  H^SbjO^,  b  also  known  and  may  be  obtained  by  treating 

its  salts  with  hydrochloric  acid. 
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By  gently  heating  either  of  the  above  acids,  antimony  pentozide  is  obtained  as  a 
yellow,  amorphous  mass,  and  by  a  stronger  heat,  with  free  access  of  air,  it  b  con- 
verted into  tetiozide,  Sb^O^,  which  is  usually  resaided  as  an  antimonite  of  antimonyl, 
SbOSbOy    It  is  a  white,  non-volatile  powder,  becoming  3rellow  when  heated. 

Potassium  antimonyl  tartrate,  tartar  emetic,  antimonii  et 
potassii  tartras  (U.  S.  P.),  antimonium  tartaratmn  (Br.),  K(SbO)- 
C^H^O^HjO,  is  one  of  the  most  commonly  employed  compounds  of 
antimony. 

It  is  prepared  by  boiling  3  parts  of  SbjO,  with  4  parts  of  cream 
of  tartar,  KHC^H^Oe,  in  water  for  an  hour,  filtering,  evaporating 
the  filtrate,  and  allowing  it  to  crystallize  out.  It  occurs  in  small, 
transparent,  rhombic  crystals,  which  effloresce  in  air  and  have  a  sweet- 
ish, aifterward  disagreeable,  metallic  taste  and  an  acid  reaction.  Soluble 
in  17  parts  of  water  at  15®  C.  (59®  F.)  and  3  parts  boiling  water,  and 
insoluble  in  alcohol.  Its  solutions  are  incompatible  with  alcohol, 
hydrochloric  add,  and  alkaline  carbonates.  Free  tartaric  add  pre- 
vents the  predpitation  by  the  above  reagents.  On  being  heated  to 
redness  it  chars. 

It  is  used  in  medidne,  and  enters  into  the  composition  of  syr, 
scilte  compositus  and  vinum  antimonii.  The  dose  of  tartar 
emetic  is  gr.  j-ij  (0.065-0.125  gm.),  as  an  emetic;  as  an  expectorant, 
gr.  tV  to  gr.  J  (0.004-0.016  gm.) ;  of  the  wine,  10  to  30  drops. 

Fliysiological  Action. — Locally,  the  soluble  compounds  of  anti- 
mony act  as  powerful  irritants.  Tartar  emetic  causes  a  pustular  erup- 
tion resembling  variola,  which  is  accompanied  with  fever  and  systemic 
disturbances.  Cases  of  poisoning  from  antimony  used  as  a  mordant 
in  dyeing  dothing  have  been  reported.  Internally,  tartar  emetic  is 
employed  as  an  expectorant,  sudorific,  sedative,  nauseant,  and  emetic, 
according  to  the  dose  used.  In  full  doses  it  causes  vomiting,  purging, 
and  griping  pains,  with  great  depression.  In  excessive  quanti^  it  acts 
as  an  irritant  poison  and  has  produced  death  by  syncope,  preceded  by 
convulsions  and  delirium.  One  and  a  half  grains  (0.092  gm.)  have 
produced  death,  but  recovery  has  occurred  after  very  large  doses 
because  of  the  rejection  of  the  poison  by  vomiting. 

The  treatment  should  consist  in  promoting  free  vomiting  or  re- 
moval of  the  poison  with  the  stomach-tube.  The  proper  antidote 
is  tannin,  which  forms  an  insoluble  compound  with  antimony;  it  may 
be  administered  in  the  form  of  infusion  of  tea,  oak  bark,  nut-galls,  etc. 
Stimulants  are  then  to  be  administered. 

Tests. — In  suspected  cases  examine  the  urine  or  viscera  by  Marsh's  test  (p. 

^77). 

I.  Scrfuble  salts  of  antimony  give  an  orange-colored  precipitate  with  H,S,  in  acid 
solutions,  which  is  soluble  in  yellow  ammonium  sulphide  and  in  strong  hydrochloric 
add,  but  not  in  ammonium  carbonate. 
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2.  In  Reinsch's  test  a  bluish  stain  is  obtained,  but  the  sublimate  obtained  from 
it  is  amorphous,  not  ciystalline.    (See  p.  177.) 

3.  Generate  hydrojzen  gas  in  Maish's  apparatus,  add  some  of  the  suspected 
solution.  Both  As  and  Sb  give  the  mirrors,  but  the  As  mirror  is  soluble  in  chlor- 
inated soda  solution,  while  the  Sb  mirror  is  not.  By  heating  the  mirrors  in  an  open 
tube  both  volatilize,  but  the  As  gives  a  crystalline,  while  Sb  gives  an  amorphous, 
coating  close  to  the  mirror. 

4.  In  the  absence  of  tartaric  or  citric  acids  HQ  produces,  in  concentrated  solu- 
tions, a  white  precipitate  of  SbOCl. 


BISMUTH. 

Bi  »  ao7  (306.54*  H  »  i). 

Occurrence  and  Preparation.— Occurs  native  and  as  a  sulphide 
— bismuthite.  The  element  is  obtained  by  roasting  the  sulphide  in 
air  and  reducing  the  resulting  oxide  with  diarcoal,  iron  being  added 
to  take  up  the  remaining  sulphur. 

Properties. — Bismuth  is  a  white,  metallic-looking  solid  with  a 
bronze  tint.  Specific  gravity,  9.9.  It  is  brittle  and  'crystallizes  in 
rhombohedrons;  fuses  at  267®  C.  (512.5®  F.),  volatilizes  at  a  white 
heat,  and  if  heated  in  air  it  bums  to  BijO,.  HNO,  and  hot  HjSO^ 
dissolve  it,  but'  HCl  does  not.  Water  precipitates  basic  salts  fi*om  the 
solutions  of  the  neutral  salts.  It  alloys  with  the  metals,  and  b  some- 
times described  as  a  metal. 

Bismuth  chloride,  BiCl,,  may  be  obtained  by  treating  the  ele- 
ment with  HCl  or  aqua  regia.  It  is  a  soft,  white,  deliquescent,  volatile 
solid.    Water,  added  to  its  solutions,  precipitates  the  white  ozychloride* 

BiCl,  +  H,0  -  BiOCl  +  2HCI. 

This  reaction  resembles  that  of  SbCl,.  BiOCl,  as  well  as  the  sub- 
nitrate,  is  sold  as  pearl  powder,  or  pearl  white,  and  is  used  as  a  cos- 
metic. They  are  blackened  by  H2S.  The  comp)ounds  Bi^r^  and 
Bilj  are  siniilar  to  Bi^Cl^  and  BiCl,.  Bismuth  does  not  form  a  hy- 
dride, BiHj,  as  does  the  rest  of  the  group. 

BISMUTH  AND  OXYGEN. 

Four  oxides  of  bismuth  are  known,  namely:  Bismuth  dioxide, 
BijO,;  bismuth  trioxide,  Bi^O,;  bismuth  tetroxide,  Bi^O^;  bismuth 
pentoxide,  Bi^Os.  Bismuth  oxide,  Bi^O,,  bismuthi  oxidum  (Br.), 
is  a  yellow  powder,  insoluble  in  water  and  alkalies;  it  may  be  pre- 
pared by  roasting  bismuth  or  heating  the  nitrate  or  carbonate.  \^en 
chlorine  is  passed  through  a  solution  of  potassium  hydroxide  in  which 
Bi^O,  is  suspended,  bismuthic  acid,  HBiO„  is  precipitated  as  a 
red  powder.    On  gently  heating  this,  the  pentoxide,  or  bismuthic 
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oxide,  BijOj,  is  formed.  Bismuth  hydroxide,  BiO^„  is  precipitated 
by  a  solution  of  NH^OH  from  solutions  of  a  bismuth  salt.  The  meta- 
hydroxide,  BiO^,  is  precipitated  when  caustic  soda  or  potassa  is 
added  to  a  bismuth  solution  or  to  the  nitrate  suspended  in  water. 
Bismuth  and  Sulphur.— There  are  two  sulphides  of  bismuth 
known,  Bi^S,  and  Bi^S,.  The  trisulphide  occurs  native  as  bismuth- 
ite.  It  can  be  prepared  as  a  black  powder  by  passing  H^S  through 
a  sohition  of  a  soluble  salt  of  bismuth.  It  is  formed  in  the  intestinal 
canal  when  bismuth  salts  are  taken  internally,  when  it  colors  the  stoob 
black.    The  second  sulphide  is  unimportant 

SALTS  OF  BISMUTH. 

Bismuth  nitrate,  Bi(NOs)3,  is  formed  by  dissolving  bismuth,  or 
the  basic  nitrate,  in  nitric  add  and  evaporating,  when  it  crystallizes 
in  large,  transparent  prisms,  Bi(N0j),.5H,0.  It  is  soluble  in  a  little 
water,  but  is  decomposed  by  a  large  amount  into  a  basic  nitrate  or 
subnitrate.    The  reaction  varies  with  the  amount  of  water  used. 

M— NO,  Ti;~NO, 

-NO.-H,H,0-Jj_OH+aHNO.or 

B;— NO,    .  Ti;~No, 

Bismuthi  Subnitras  (U.  S.  P.,  Br.).— As  will  be  seen,  the  sub- 
nitrate  of  bismuth  is  not  a  definite  and  fixed  comp)ound,  but  a  mixture. 
It  is  a  white  powder,  composed  chiefly  of  BiONO,,  insoluble  in  water, 
but  soluble  in  nitric  acid.  As  arsenic  and  bismuth  frequently  occur 
together,  the  latter  is  apt  to  be  contaminated  by  the  former.  Should 
unpleasant  effects  arise  from  its  use,  it  should  be  tested  with  one  of  the 
tests  described  under  Arsenic  {q,  v.).  It  is  used  internally  and  as  a 
dressing  for  wounds. 

A  solution  of  two  parts  BiONO,  and  four  parts  KNaC^H^O,  in 
100  c.c.  of  a  strong  solution  of  sodium  hydroxide  is  used  as  a  delicate 
test  for  diabetic  sugar.  It  becomes  black  on  boiling,  in  the  presence 
of  glucose,  from  reduction  of  the  bismuth. 

Bismuth   subcarbonate,   bismuthi  subcarbonas   (U.   S.   P.), 

CO, 
Bi 
bismuthi  carbonas  (Br.),     ^o    ,  is  a  light,  white,   odorless,  and 

Bif-OH 
^OH 
tasteless  powder,  insoluble  in  water,  and  formed  by  the  action  of  alka- 
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line  carbonates  up)on  solutions  of  bismuth.  Heat  decomposes  it  into 
BijO,,  HjO,  and  carbon  dioxide. 

Bismuth  sulphate,  Bi2(S04)„  is  formed  by  dissolving  bismuth  in 
sulphuric  acid.    It  is  of  no  special  interest  to  physicians. 

Bismuth  citrate,  bismuthi  citras  (U.  S.  P.),  BiCeHiO,,  is  a 
white,  amorphous,  odorless,  and  tasteless  powder,  insoluble  in  water 
or  alcohol,  but  soluble  in  anmionium  hydroxide.  Prepared  by  boiling 
the  subnitrate  in  a  solution  of  citric  acid  and  precipitating  the  citrate 
with  water.  By  dissolving  the  citrate  in  diluted  ammonia  water,  and 
cautiously  evaporating  to  a  syrup  and  spreading  on  glass,  shining 
pearly  or  translucent  scales  of  bismuth  et  ammonii  citras  (U.  S.  P.) 
are  obtained,  soluble  in  water. 

Bismuth  subgallate,  dermatol,  bismuthi  subgailas  (U.  S.  P.), 
Bi(OH)2CeH2(OH),C02,  is  a  saffron-yellow,  odorless,  tasteless  powder, 
insoluble  in  water,  alcohol,  or  ether.  It  is  prepareid  by  mixing,  with 
constant  stirring,  a  warm  solution  of  i  part  of  gallic  acid  in  50  parts 
of  water,  with  a  solution  of  3  parts  of  bismuth  nitrate  in  50  parts  of 
water  and  6  parts  of  glacial  acetic  add.  It  is  used  as  an  intestinal 
antiseptic,  and  as  a  sut^titute  for  iodoform  for  external  use.  Bismuthi 
subsalicylas  (U.  S.  P.)  is  a  white,  tasteless,  insoluble  powder.  The 
other  salts  of  bismuth  used  in  medicine  are  the  benzoate,  naphtolate, 
oleate,  phenolate,  pyrogallate,  tribromphenokte,  and  a  number  of  others. 

Physiological  Action. — The  bismuth  salts  in  medicinal  doses  are 
tonic,  antispasmodic,  mildly  astringent,  and  antifermentative.  They 
are  used  to  allay  gastro-intestinal  irritation  and  diarrhea.  When 
administered  in  considerable  quantities,  they  produce  black  stools, 
from  the  presence  of  the  sulphide  formed  by  the  H^S  of  the  intestines. 
In  many  cases  of  excessive  diarrhea,  with  acid  fermentation  in  the 
stomach  and  intestines,  this  blackening  does  not  occur,  and  its  appear- 
ance marks  an  improvement  in  the  case. 

Cases  of  poisoning  by  large  doses  of  the  salts  of  bismuth  may  be 
due  to  the  presence  of  arsenic,  antimony,  lead,  or  tellurium  in  them,  or 
to  the  absorbed  bismuth.  The  symptoms  of  bismuth  poisoning  are 
cyanosis,  garlicky  breath,  stomatitis,  salivation,  and  sometimes  cramps 
and  purging. 

Tests. — I.  Water  precipitates  bismuth  from  its  solutions  in  the  presence  of  not 
too  much  free  hydrochloric  acid. 

2.  Hydrogen  sulphide  and  ammonium  sulphide  give  a  black  precipitate,  insol* 
uble  in  water,  dilute  acids,  and  alkaline  sulphides. 

3.  Potassium,  sodium,  and  ammonium  hydroxides  give  a  white  precipitate, 
insoluble  in  excess  of  these  reagents. 

4.  Infusion  of  nut-galls  gives  an  orange  precipitate. 

5.  Potassium  iodide  gives  a  brown  precipitate,  soluble  in  excess  of  reagent. 

6.  When  a  drop  of  a  solution  contaming  bismuth  is  dropped  on  a  piece  of  paper 
dipped  in  a  solution  of  potassium  sulphocyanate  and  dried,  it  forms  a  yellow  spot. 
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GROUP  IV. 

Caibon,  C    -    la. 

SUicon,  Si  -    aM 

Gennanimn,  Ge  —   72. 

Tin  rStannum),  Sa  -  1 18.5 

Leaa(Piiifnbwfn),  Pb  —  207. 

CARBON. 

C  -  la  (ii.9»)  (H  =»  1). 

Occurrence. — Carbon  occurs  native  in  the  diamond,  in  graphite 
(black  lead),  and  in  the  various  forms  of  coal.  In  combination  it 
occurs  in  all  organic  bodies,  petroleum,  fats,  oils,  and  as  native  car- 
bonates, in  marble,  dolomite,  etc. 

Varieties. — Carbon  exists  in  three  allotropic  states:  the  diamond, 
die  graphite,  and  amorphous  carbon.  The  diamond  occurs  in 
alluvial  deposits  in  Brazil,  India,  Borneo,  South  Africa,  and  in  small 
quantities  in  other  localities.  The  so-called  California  diamonds  and 
Brazilian  pebbles  are  crystals  of  quartz,  SiO,.  The  diamond  is 
pure  crystallized  carbon,  possessing  a  brilliant  luster  and  a  high 'power 
of  refraction,  and  is  the  hardest  substance  known.  It  crystallizes  in 
riiombohedra  of  the  first  system,  but  cleaves  readily  into  octahedra. 
It  occurs  colorless,  as  well  as  colored  through  all  shades  of  yellow, 
brown,  and  black.  The  sp.  gr.  is  3.5.  Heated  in  the  oxyhydrogen 
blowpipe  flame,  or  in  oxygen  gas,  it  bums  to  carbon  dioxide,  and  is 
slightly  softened  by  the  heat  of  the  electric  arc.  Moissan  has  succeeded 
in  making  artificial  diamonds  of  small  size  by  fusing  carbon  with  iron 
in  an  electric  furnace  at  a  very  high  temperature,  and  allowing  it  to 
cool  under  pressure.  If  cooled  without  pressure  graphite  results. 
After  the  mass  has  cooled,  the  iron  is  dissolved  with  acid,  when  the 
diamonds  remain. 

Graphite,  or  plwnbago,  occurs  as  a  native  mineral,  having  a 
grayish-black  color,  a  luster  almost  metallic,  and  a  soapy  feel.  It 
leaves  a  black  streak  upon  a  white  surface,  on  account  of  which  it  is 
used  to  make  lead-pencils,  and  is  called  black  lead.  It  sometimes 
occurs  in  short,  six-sided  prisms.  It  bums  in  an  atmosphere  of 
oxygen  with  more  difficulty  than  the  diamond,  fumishing  carbon 
dioxide,  and  leaving  from  two  to  five  per  cent,  of  ash.  Some  of  the 
purer  varieties  can  be  made  directly  into  pencils,  but  this  is  not  com- 
mon. The  poorer  varieties  are  ground  to  a  powder,  heated  with 
potassium  chlorate,  KC10„  and  sulphuric  acid,  H^SOi,  or  with 
strong  nitric  acid,  washed  with  water,  heated  to  a  red  heat,  and  then 
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mixed  with  some  adhesive  material  and  pressed  into  cakes.    These 
cakes  are  then  sawed  into  suitable  strips  and  mounted. 

Graphite  conducts  heat  and  electricity  well.  It  is  also  used  in  the 
manufacture  of  crucibles,  as  a  lubricant  for  very  heavy  machinery, 
and  as  a  stove-polish.  It  may  be  artificially  obtained  by  fusing 
amorphous  carbon  with  cast-iron.  On  cooling  the  mixture  and 
dissolving  the  iron  with  dilute  HCl,  graphite  is  left  in  the  form 
of  minute  hexagonal  plates.  Amorphous  carbon  is  found  native 
in  the  form  of  many  varieties  of  coal.  Artificially,  it  is  prepared  by 
the  partial  burning  or  carbonizing  of  organic  matter,  such  as  wood, 
pitch,  blood,  etc. 

Soot,  or  lamp-black,  one  of  the  purest  forms  of  amorphous 
carbon,  is  prepared  by  the  imperfect  combustion  of  turpentine,  pitch, 
or  heavy  oils  rich  in  carbon.  It  is  used  principally  as  a  pigment. 
Animal  charcoal,  or  bone-black,  is  obtained  by  the  carbonization 
of  animal  matter  from  slaughter-houses  (blood,  bones,  etc.),  and 
possesses,  in  a  remarkable  degree,  the  power  of  removing  the  coloring 
matter  from  organic  solutions  filtered  through  it.  It  is  used  in  refin- 
ing sugar  to  remove  the  color  from  the  solution  of  raw  sugar. 
Charcoal,  carbo  ligni  (U.  S.  P.,  Br.),  is  carbonized  wood,  retaining, 
usually,  the  form  and  grain  of  the  wood  and  the  ash  contained  in  the 
same.  In  preparing  it,  the  wood,  cut  into  suitable  lengths,  is  piled 
up  on  end,  into  a  conical  heap,  a  trough  made  of  boards  being  laid 
from  the  circumference  on  one  side  to  the  center,  to  supply  air  in 
burning.  The  whole  heap  (except  a  hole  at  the  center  on  the  top) 
is  then  covered,  first  with  straw  or  leaves,  and  finally  with  dirt  about 
six  or  eight  inches  in  thickness.  The  fire  is  lighted  and  is  allowed  to 
bum  slowly,  until  the  flame  almost  ceases  to  come  from  the  hole  at 
the  top,  or  until  the  gaseous  products  have  all  burned  off.  This 
opening  at  the  top,  as  well  as  the  draft-hole,  is  now  covered  over 
and  the  fire  aUowed  to  smolder  for  a  time,  when  the  heap  is  torn 
down  and  the  remaining  fire  extinguished  with  water. 

Charcoal  is  used  as  a  fuel,  in  the  manufacture  of  gunpowder,  and 
sometimes  in  the  construction  of  filters,  as  it  possesses,  although  in 
a  feebler  degree  than  animal  charcoal,  the  power  of  destroying 
noxious  odors  and  of  filtering  coloring  matters  from  organic  solutions. 
One  volume  of  it  absorbs  90  volumes  of  NH,,  55  volumes  of  H^, 
and  9  volumes  of  oxygen,  at  100**  C.  (212®  F.).  It  is  very  porous, 
and  bums  with  little  flame.  Coke  is  the  p)orous  mass  left  in  the  retorts 
from  the  destmctive  distillation  of  mineral  coal  in  the  production  of 
illuminating  gas.  Gas-retort  carbon  is  a  compact,  hard  mass  found 
adhering  to  the  inside  of  the  retorts  in  the  above  process  of  manufac- 
turing coal-gas.    It  has  a  metallic  luster  at  times,  and  is  a  good  con- 
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ductor  of  electricity.  For  this  reason,  and  because  of  its  durability, 
it  is  used  for  the  negative  plate  in  the  construction  of  many  forms  of 
the  galvanic  cell,  and  for  the  poles  in  the  arc  electric  light. 

Mineral  coals,  as  anthracite,  bitimiinous,  brown,  and  cannel  coak, 
lignite,  peat  or  turf,  etc.,  are  the  results  of  a  slow  decay  of  vegetable 
matter,  under  certain  conditions.  The  proper  conditions  for  the  for- 
mation of  coal  seem  to  be  enough  water  to  cover  the  fallen  timber 
or  vegetation,  a  covering  of  clay  or  mud  to  exclude  the  air,  and  the 
application  of  pressure  to  the  mass.  The  liquid  and  volatile  portions 
are  gradually  lost,  leaving  the  carbon  behind.  The  final  product  of 
this  change,  assisted  by  subterranean  heat,  is  anthracite  coal,  which 
often  contains  96  to  98  per  cent,  of  carbon,  but  very  little  volatHe  mat- 
ter. Petroleum  oil  is  believed  to  be  the  expelled  liquid  p)ortions  of 
the  wood,  separated  from  the  anthracite  coal  by  heat  and  pressure. 
Bitmninous  coal  is  a  softer,  less  compact,  less  decayed  variety.  It 
often  exhibits  the  structure  of  the  wood.  It  bmns  with  a  smoky  flame, 
while  the  anthracite  furnishes  very  little  or  no  flame.  Brown  coal, 
lignite,  and  wood  coal  are  names  of  less  perfect  varieties  than 
those  before  mentioned.  Peat,  or  turf,  is  a  mixture  of  mud  with 
partially  decayed  plants  and  roots,  and  is  obtained  from  certain  marshy 
districts.  It  is  used  as  fuel.  Cannel-coal  is  a  compact,  even-textiu-ed 
coal,  without  luster.  It  takes  fire  readily,  burning  with  a  clear  yellow 
flame.    It  has  been  used  for  candles;  hence  the  name. 

Properties. — Carbon  is  insoluble  in  all  ordinary  menstrua,  but 
soluble  to  a  slight  extent  in  molten  cast-iron,  forming  a  carbide.  It 
is  fiised  and  volatilized  only  in  the  electric  arc.  At  ordinary  tempera- 
tures it  is  permanent  in  air.  At  high  temperatures  it  has  a  strong 
affinity  for  oxygen,  and  on  this  account  it  is  used  as  a  reducing  agent 
in  smelting  the  ores,  from  which  it  removes  the  oxygen.  Indirectly, 
it  enters  into  combination  with  a  great  many  of  the  elements.  Or- 
ganic bodies  are  formed  of  carbon  in  combination  with  hydrogen, 
nitrogen,  and  oxygen.    Most  combustible  bodies  contain  carbon. 

CM&cial  Preparations.—Animal  charcoal,  carbo  animalis 
(U.  S.  P.),  is  prepared  from  bones  by  partially  burning  them  and  by 
distilling  off  the  volatile  products  and  charring  the  remaining  organic 
matter.  It  occurs  in  granular  fragments,  or  in  powder  of  a  dull-black 
color,  which,  when  ignited,  leaves  about  eighty-five  per  cent,  of  ash. 
This  ash  should  be  almost  entirely  soluble  in  hot  HCl. 

When  animal  charcoal  is  boiled  for  a  few  minutes  with  a  solution 
of  potassium  hydroxide,  the  filtered  solution  should  be  colorless,  or 
nearly  so. 

Carbo  Animalis  Purificatus  (U.  S.  P.).— This  is  prepared  by  heating 
the  above  with  dilute  HCl,  to  dissolve  out  the  calcium  phosphate.  The 
quantity  of  ash  after  ignition  should  not  be  more  than  four  per  cent 
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Carbo  ligni  (U.  S.  P.,  Br.)  is  prepared  from  soft  wood,  and  very 
finely  powdered.    It  should  be  kept  in  well-closed  vessels. 

Coal-gas. — Illuminating  gas,  as  it  is  often  called,  is  made  on  a 
large  scale  by  the  destructive  distillation  of  bituminous  coal.  In  prin- 
ciple the  manufacture  is  simple,  but  in  practice  it  requires  considerable 
skill  to  prepare  a  good  illuminating  gas. 

The  distillation  is  conducted  in  horizontal,  semicylindrical,  fire-clay  or  cast- 
iron  retorts  set  in  brickwork.  A  variety  of  products  are  formed  besides  the  gas; 
such  as  tar,  heavy  oils,  lighter  oils,  steam,  ammonia  from  the  nitrogen  of  the  coal. 
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etc.  There  is  left  in  the  retort  a  porous,  friable  mass,  called  coke.  After  the  re- 
torts have  been  used  for  some  weeks,  there  is  to  be  found  lining  their  inner  surfaces, 
a  very  compact  layer  of  carbon,  usually  known  as  gas-retort  carbon. 

The  coal  is  distilled  at  a  bright-red  heat  and  the  volatilized  products  are  con- 
ducted into  a  large  horizontal  iron  pipe,  half  filled  with  water,  into  which  the  pipes 
from  the  retorts  dip.  (See  Fig.  59.)  This  is  called  the  hydraulic  main.  A 
large  part  of  the  coal-tar  and  heavy  oils  condense  in  this  main.  The  volatile  prod- 
ucts are  then  made  to  traverse  a  series  of  upright  tubes  in  the  form  of  an  inverted  U, 
called  condensers.  The  lower  end  of  one  limb  of  each  condenser  dips  under  water 
so  as  to  cool  the  gas  and  to  wash  out  the  ammonia.  After  traversing  a  number  of 
these  condensers,  where  the  remainder  of  the  tar,  steam,  and  ammonia  are 
condensed,  the  gas  passes  to  the  purifiers.  These  are  composed  of  a  series  of 
large  boxes  in  which  are  several  perforated  shelves  or  trays  holding  fresh  slaked 
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lime  or  a  mixture  of  sawdust  and  iron  oxide.  The  ^as  is  passed  slowly  through 
these  purifiers,  so  as  to  expose  it  to  the  action  of  the  hme  or  iron  oxide,  to  remove 
H^,  COy  and  other  volatile  adds,  if  present.  In  some  plants  there  is  an  additional 
process  of  washing  the  gas  by  passing  it  through  weak  sulphuric  acid  to  remove  the 
small  quantity  of  ammonia  still  remaining.  The  tar  and  ammonia-liauor  are  sold 
as  hy-products.  The  ammonia-liquor  furnishes  a  very  considerable  portion  of 
the  ammonium  compounds  of  the  market.  After  passing  through  the  purifiers  the 
gas  is  conducted  in  underground  pipes  to  the  gasometer,  to  be  stored  until  needed. 

The  gasometer  is  a  very  large,  tub^haped  vessel  made  of  boiler-iron,  floated 
bottom  upward  upon  water.  It  is  balanced  by  weights  attached  to  chains  passing 
over  puUejTs,  at  the  top  of  iron  pillars,  which  are  erected  around  the  gasometer  for 
that  purpose.  As  the  gas  is  forced  into  the  gasometer  the  latter  rises  out  of  the 
water,  and  sinks  again  as  the  gas  is  used. 

Various  other  processes  for  the  manufacture  of  gas  have  been  used  with  vary- 
ing success;  such  as  the  distillation  of  the  heavy  petroleum  oib,  either  alone,  with 
coal,  or  with  the  admixture  of  the  vapors  with  air  or  steam^ 

Gasolene,  or  air-gas«  is  air  saturated  with  the  vapors  of  the  very  volatile  oils 
from  petroleum. 

Water-gas  b  very  largely  used  in  all  large  cities,  owing  to  the  cheap- 
ness of  its  manufacture.  It  is  made  by  the  action  of  air  and  steam — used 
alternately  to  maintain  the  necessary  temperature — upon  anthracite  coal 
at  a  red  or  white  heat.  C,  +  aHjO  =  2CO  +  aH,.  The  gas  thus 
produced  is  mixed  with  vapor  from  naphtha,  and  then  again  strongly 
heated  in  tubular  retorts,  and  finally  purified  as  in  ordinary  coal-gas. 
This  water-gas  has  very  largely  replac^  the  gas  made  from  bitumin- 
ous coaL 

Composition. — The  composition  of  coal-gas  varies  somewhat 
with  the  composition  of  the  coal  used  and  the  temperature  of  the 
retorts  during  the  distillation. 

The  following  figures  represent  the  composition  of  coal-gas  and 
water-gas  supplied  to  Brooklyn  in  1883 : 

COAL-OAS.  WATBI-OAS. 

Carbon  dioxide 0.0  0.3 

Carbon  monoxide, 7.9  28.25 

Hydrogen, 50.2  30.3 

lUuminants  (C^H^,  C^  etc.), 4-3  13.85 

Maish-gas  (Cl|«), 29.8  2145 

Nitrogen, 7.8  6.85 

100.00  100.00 

Although  the  destructive  distillation  of  coal  is  usually  conducted 
primarily  for  the  production  of  illuminating  gas,  the  side-products 
are  of  very  great  importance. 

The  aqueous  portion  of  the  liquid  that  condenses  in  the  hydraulic 
main  is  known  as  ammonia-liquor^  from  the  fact  that  it  contains 
various  ammonium  compounds  derived  from  the  nitrogen  of  the  coal. 
These  are  chiefly  the  carbonate,  sulphide,  cyanide,  and  sulphocyanate 
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This  ammonia-liquor  is  perhaps  one  of  the  most  useful  of  the  side- 
products  of  the  distillation,  because  it  is  the  chief  source  of  ammonia, 
so  useful  as  a  fertilizer  and  for  many  other  purposes. 

Coal-tar. — This  is  the  tarry  liquid  which  condenses  in  the  hydrau- 
lic main,  and  from  which  so  many  of  the  compoimds  of  modem  organic 
chemistry  are  derived.  Coal-tar  is  a  very  complex  mixture,  composed 
chiefly  of  hydrocarbons.  The  student  should  clearly  distinguisli  be- 
tween coal-tar  and  petroleum,  which  is  a  natural  product  obtained 
from  wells.  The  hydrocarbons  are  separated  from  one  another  by 
fractional  distillation  of  the  tar  in  iron  retorts. 

The  first  distillation  is  usually  into  light  oil,  heavy  oil,  dead  oil, 
naphthalene,  anthracene,  and  pitch,  or  asphaltum.    These  sepa- 
rate portions  are  theiTredbtilled  or  otherwise  treated.    The  direct  or* 
indirect  products  of  coal-tar  are  almost  without  number,  and  many  of 
them  of  great  importance  in  the  arts. 

CARBON  AUD  the  HALOGENS. 

Carbon  forms  with  chlorine  the  following  compoimds:  carbon  tetra- 
chloride, CCI4;  carbon  chloride,  CjCl,;  carbon  dichloride,  CjCl^; 
carbon  trichloride,  CjCl,;  and  the  oxychloride,  COCl,.  • 

It  combines  directly  with  some  of  the  metals  to  form  carbides.  The 
carbide  of  iron  is  a  familiar  example.  The  carbide  of  calcium,  CaC„ 
has  recently  been  found  a  valuable  commercial  product,  used  to  manu- 
facture acetylene,  CjH^ 

CARBON  AND  OXYGEN. 

There  are  two  oxides  of  carbon  known,  having  the  formuke  CO  and 
CO,. 

Carbon  monoxide,  CO,  is  a  colorless,  tasteless,  almost  odorless, 
combustible,  and  very  poisonous  gas. 

It  is  always  produced  when  carbon  or  bodies  containing  it  are 
burned  with  an  insufficient  supply  of  oxygen  or  air,  or  by  conducting 
carbon  dioxide  over  or  throu^  red-hot  coals.  CO,  +  C  =  2CO. 
It  may  be  prepared  by  warming  oxalic  acid  with  sulphuric  add. 

HjCjO^  +  H^O^  «-  H^SO.  (or  H,0  .  H^O,)  +  CO,  +  CO.' 

The  mixed  CO,  and  CO  are  passed  through  a  solution  of  sodium 
hydroxide  to  absorb  the  CO,,  and  the  CO  remains.  One  part  of 
potassium  ferrocyanide,  warmed  with  nine  parts  of  H,S04,  may  be 
used  to  give  the  gas  in  nearly  a  pure  state.  Its  density  is  14.  It  is 
almost  insoluble  in  water,  but  soluble  in  a  solution  of  cuprous  chloride 
in  ammonium  hydroxide.    It  bums  in  the  air  with  a  bluish-lavender 
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flame,  producing  the  higher  oxide,  CO,.  Owing  to  this  property, 
it  plays  an  important  part  in  the  reduction  of  ores  in  the  blast-furnace. 
It  does  not  support  combustion  or  respiration.  It  diffuses  readily 
through  red-hot  cast-iron,  and  frequently  escapes  from  stoves  and  hot- 
air  funiaces. 

Ph]rsiological  Effects.—It  has  the  power  of  combining  with  the 
hemoglobin  of  the  blood  and  of  ei^lling  the  oxygen.  It  thus  acts 
as  a  narcotic  poison,  causing  dizziness,  headache,  nausea,  inco5rdina- 
tion  of  movements,  convulsions,  and  death.  If  the  carbon  monoxide 
be  in  sufficient  quantity  to  saturate  all  the  hemoglobin,  recovery  seldom 
takes  place.  The  blood  has  a  light-red  color  and  does  not  coagulate 
after  death,  or  decompose  as  readily  as  normal  blood.  When  diluted 
and  examined  with  the  spectroscope,  it  gives  two  absorption  bands 
similar  to  those  in  nimiber  10,  Frontispiece,  but  they  are  removed  some- 
what toward  the  violet  end  of  the  spectrum.  If  the  hemoglobin  is  only 
partially  saturated  recovery  may  take  place,  but  very  slowly — debility, 
anorexia,  etc.,  remaining  for  days.  Air  containing  0.5  per  cent,  kills 
birds  in  three  minutes;  two  per  cent,  renders  a  guinea-pig  insensible 
in  two  minutes.  Artificial  respiration  is  of  little  use.  Transfusion  of 
blood  or  intravenous  injection  of  sterilized  salt  solution,  0.7  per  cent., 
is  the  most  promising  treatment.  The  sources  of  danger  are  open  fires, 
defective  draft  in  chimne3rs,  escape  of  coal-gas,  and  especially  "  water- 
gas,"  from  defective  fittings  or  frpm  leaks  under  the  ground.  When  the 
ground  is  frozen  and  the  gas  escapes  into  the  soil  near  a  dwelling,  the 
gas  diffuses  through  the  ground  into  the  cellar,  and,  as  it  is  thus  deprived 
of  its  odor,  persons  may  be  poisoned  and  not  know  where  it  comes 
from.  Illuminating-gas  poisoning  is  essentiaUy  a  poisoning  by  the 
carbon  monoxide  which  it  contains.  Suffocation  by  this  gas  is  not  very 
different  from  suffocation  by  other  gases,  and  should  be  distinguished 
from  poisoning. 

Carbon  dioxide,  carbonic  anhydride,  CO,,  sometimes  called 
carbonic  acid  gas,  is  found  free  in  the  air  in  the  proportion  of  about 
fotir  parts  per  io/xx>,  and  in  ordinary  well-ventilated  rooms  from  five 
to  six  parts  per  10,000.  It  is  found  in  volcanic  gases  and  in  solution 
in  many  mineral  springs.  It  sometimes  accumulates  in  dangerous 
quantities  in  mines,  wells,  and  cellars,  and  is  then  known  as  "  choke- 
damp."  It  may  be  detected  in  such  places  by  lowering  a  candle.  It 
is  produced  when  carbon  or  its  compounds  are  burned  with  a  free 
supply  of  air,  by  alcoholic  and  other  fermentations,  by  the  respiration 
of  animals,  and  by  slow  oxidation  of  organic  matter  in  the  natural 
process  of  decay.  In  the  laboratory  it  is  obtained  by  the  action  of  an 
add  upon  a  carbonate. 

CaCO,  +  2HCI  -  CO,  +  CaCl,  +  H,0. 
14 
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Carbon  dioxide,  at  ordinary  temperatures  and  pressures,  is  a  color- 
less, transparent,  odorless,  tasteless  (by  some  thought  to  be  sweetish) 
gas.  Specific  gravity  =  1.524.  Density  =  22.  Under  a  pressure  of 
thirty-six  atmospheres  at  o*^  C.  (32®  F.)  it  is  condensed  to  a  colorless, 
mobile  liquid  of  sp.  gr.  0.94.  Above  31.9®  C.  it  can  not  be  liquefied  at 
any  pressure.  This  is  known  as  the  critical  point  in  temperature. 
When  the  liquid  is  exposed  to  the  air  it  rapidly  evaporates,  producing  a 
temperature  so  low  as  to  freeze  a  portion  of  it  to  a  snow-like  solid,  the 
temperature  being  sometimes  as  low  as  — 130®  C.  ( — 202®  F.).  The  gas 
extinguishes  the  combustion  of  burning  bodies,  and  animals  die  very 
quickly  in  it.  Death  has  resulted  from  persons  entering  mines,  wells, 
and  fermenting  vats  where  the  gas  has  accumulated.  It  is  unsafe  for  a 
man  to  venture  into  a  well  or  other  place  where  a  candle  will  not  burn. 
This  irrespirable  mixture  of  CO,  and  air  is  known  among  miners  as 
choke  damp.  CO,  is  soluble  in  its  own  volume  of  water  at  the  or- 
dinary temperature  and  pressure,  forming  a  solution  of  carbonic  acid, 
HjCOj.  Common  soda-water  is  a  solution  of  the  gas  in  water  under 
pressure;  it  contains  no  sodium  salt,  as  its  name  would  imply. 

Poisonous  Effects.— These  vary  with  the  degree  of  concen- 
tration of  the  gas  and  its  dilution  with  other  gases.  If  the  gas  be 
pure,  it  causes  death  instantly  by  asphyxia  from  spasm  of  the  glottis. 
When  somewhat  diluted  there  is,  at  first,  great  loss  of  muscular  power: 
the  person  becomes  livid,  sinks  down,  and  dies  without  a  struggle. 
When  still  more  diluted  there  is,  at  first,  irritation  of  the  throat;  then 
giddiness,  ringing  in  the  ears,  loss  of  muscular  power,  with  rapid  pulse 
and  respiration,  and  occasionally  vomiting  and  convulsions,  which 
finally  end  in  coma  and  death. 

The  amount  of  the  gas  that  can  be  tolerated  in  the  air  depends  not 
only  upon  the  quantity  of  it  actuaUy  present,  but  also  upon  the  source 
of  it.  Thus,  when  the  source  of  the  gas  is  animal  respiration  or  com- 
bustion, the  oxygen  is  withdrawn  from  the  air  at  the  same  time,  and  a 
much  smaller  quantity  will  prove  fatal  than  when  the  gas  is  simply 
added  to  the  normal  atmosphere. 

If  the  COj  is  simply  added  to  the  air,  10  per  cent,  may  be  regarded 
as  poisonous,  and  even  8  per  cent,  will  prove  injurious.  If,  on  the 
other  hand,  the  oxygen  be  increased,  an  air  containing  even  20  per 
cent,  may  be  breathed  by  animals  for  a  short  time  without  fatal  results. 
A  taper  will  bum  in  an  air  containing  8  per  cent,  of  CO,  provided  the 
oxygen  be  present  in  normal  quantity,  and  will  bum  feebly  in  such  an 
air  containing  10  per  cent.  Where  the  CO,  is  produced  by  respira- 
tion the  injurious  effects  are  soon  perceived,  and  are  due  to  several 
causes — viz.,  the  deficiency  of  oxygen,  the  presence  of  too  great  a 
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quantity  of  CO,  and  mokture,  the  rise  in  temperature,  and  the  action 
of  the  organic  matter  exhaled  from  the  lungs  and  skin. 

The  expired  air  contains  from  4  to  5  per  cent.,  or  about  0.78  cubic 
foot  of  CO,  per  hour,  and  there  is  absorbed  0.94  cubic  foot  of  oxygen.- 
A  stearin  candle  gives  off  0.5  cubic  foot  of  CO,  and  uses  up  i  cubic 
foot  of  oxygen.  A  gas-light  burning  5  feet  of  gas  per  hour  (12  candle- 
power)  gives  off  very  nearly  6  cubic  feet  of  CO,,  or  3.7  times  as  much 
as  I  man;  as  much  heat  as  2  men;  removes  more  oxygen  than  5  men, 
and  gives  oflF  nearly  as  much  water-vapor  as  5  men.  More  than  6 
parts  of  CO,  per  10,000  of  air  renders  it  oppressive,  and  should  not  be 
allowed.  Assigning  the  amount  of  CO,  given  off  in  an  hour  by  an 
adult  to  be  0.7  cubic  feet,  and  normal  air  to  contain  4  parts,  it  would 
require  about  3500  cubic  feet  of  air  per  hour  for  each  adult  occupant 
of  a  room,  in  order  that  it  should  not  receive  more  than  2  parts  per 
10,000  of  CO,,  or  2  cubic  feet  per  10,000.  Dr.  Parkes  fixes  the  amount 
necessary  at  2000  cubic  feet  per  hour.  It  is  impossible  to  change  the 
air  of  a  room  oftener  than  3  or  4  times  per  hour  without  causing  un- 
comfortable drafts;  and  it  would,  therefore,  require  700  to  1000  cubic 
feet  of  room  space  in  order  to  keep  the  air  of  the  room  in  a  proper  con- 
dition. If  lights  are  used,  which  also  pollute  the  air,  a  corresponding 
calculation  must  be  made  for  them.  A  common  oil  lamp  (not  an 
argand  lamp),  or  two  sperm  candles  will  contaminate  the  air  about  as 
much  as  an  adult  man.  The  English  Poor-Law  Board's  requirements 
for  dormitories,  to  prevent  overcrowding,  are: 

Cubic  Feet. 

1200  for  lying-in  cases  and  offensive  sick. 
850  "  sick. 

700  "  infinn.  Same  room  night  and  day. 
500  "  infirm.  Separate  room  during  day. 
300  "  healthy. 

These  figures  are,  of  course,  too  small  for  general  use.  Parkes 
quotes  Morin  as  giving  the  following  amounts  of  fresh  air  necessary  to 
be  furnished  to  each  adult  per  hour  in  the  following  circumstances: 

Day.  Night. 

In  barracks, 1059  cu.  ft.  per  hour.     21 18  cu.  ft.  per  hour. 

"workshops, 2118     " 

"schools, 1059     " 

"hospitals, 2825     "  " 

In  sleeping  apartments  the  amount  of  space  allowed  to  each  indi- 
vidtial  shouki  be  not  less  than  1000  cubic  feet — i.  e.,  a  room  10  Xio 
X  10  feet.  But,  as  the  proportion  of  carbon  dioxide  would  accumu- 
late slowly,  and  as  a  much  larger  amount  of  the  gas  may  be  borne 
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without  serious  discomfort,  even  one-half  this  capacity  may  be  tolerated 
with  little  inconvenience  beyond  a  feeling  of  fatigue  or  sleepiness  in 
the  morning.  Dr.  Tidy  regards  400  cubic  feet  as  the  very  smaUest 
amount  of  space  that  should  be  allowed  to  each  person  in  a  well-venti- 
lated sleeping  room  to  avoid  serious  overcrowding.  Analysis  shows 
that  the  foulest  air  in  an  occupied  room  is  at  the  cdling.  The  heat  of 
the  body  or  of  a  lamp  causes  an  expansion  of  the  air  about  them,  and 
an  upward  current  of  heated  CO^,  water-vapor,  etc.  These  gases  reach 
the  ceiling  before  they  cool  sufl&ciently  to  stop  this  upward  current,  and 
before  there  is  time  for  perfect  diffusion.  The  upper  galleries  in  the- 
aters are  thus  supplied  with  impure  air  from  the  main  Qoor  and  lower 
galleries,  and  from  the  gas-lights.  Fresh  air  should  always  be  admitted 
to  a  room  near  the  floor,  and  the  outlet  for  impure  air  should  be  at  or 
near  the  ceiling.  It  must  be  remembered  that  the  law  of  difihision  of 
gases  does  not  allow  the  CO,  to  accumulate  in  one  part  of  the  room 
and  remain  there  for  any  considerable  time,  but  mixes  it  evenly  through 
the  air. 

Nor  is  this  diffusion  confined  within  a  room.  It  takes  place  through 
porous  walls  between  the  indoor  and  outdoor  air,  especially  in  winter, 
when  there  is  much  difference  in  the  temperature  of  the  two. 
Indeed,  a  very  fair  amount  of  ventilation  may  be  effected  in  this  way, 
where  the  walls  are  of  brick  or  stone,  and  not  papered  or  painted  inside. 

Carbon  dioxide  exists  in  the  blood  partly  in  solution  in  the  serum, 
partly  combined  as  sodium  bicarbonate,  partly  as  sodium  phospho- 
carbonate,  and  partly  combined  with  the  hemoglobin  of  the  corpuscles. 
Putrefaction  of  the  body  after  CO,  poisoning  is  slow,  while  animal  heat 
and  rigidity  are  very  persistent. 

Tests  for  Carbon  Dioxide. — If  the  quantity  exceeds  twelve  per  cent.,  a  taper 
b  extinguished.  Lime-water  and  baiyta-water  absorb  CO,  from  the  air,  and  are 
rendered  cloudy  by  it,  from  the  precipitation  of  the  carbonate  of  calcium  or  barium. 

Advantage  is  taken  of  this  fact  to  estimate  the  quantity  of  CO^  in  air.  A  simple 
way  of  testing  whether  the  air  of  a  room  contains  too  much  CO,  is  to  select  a  quart 
bottle,  fill  it  with  the  air  of  the  room  by  first  filling  the  bottle  with  water  and  then 
pouring  it  out  slowly,  and  add  to  the  bottle  one  cubic  centimeter  (iilxvss)  of  clear 
and  well-saturated  lime-water,  faintly  colored  with  phenolphthalein.  Add  a  little 
pure  water,  cork,  shake,  and  let  stand  for  a  few  hours.  Pure  outdoor  air  contains 
just  sufficient  CO,  to  decolorize  the  lime-water.  Indoor  air  should  not  decolorize 
more  than  i  .3  c.c.  of  lime-water. 

Carbonic  Acid  and  Carbonates.— CO,  is  soluble  in  water,  with 
which  it  combines  to  form  carbonic  acid,  HjCO,. 

H,0  +  CO,  -  H,CO,. 

Carbonic  acid  is  a  feeble,  dibasic  acid,  forming  a  double  series  of 
salts,  the  carbonates  and  acid-  or  bi-carbonates.    As  mentioned 
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above,  ^soda-water''  is  a  solution  of  carbonic  add  in  water,  kept 
under  pressure.  When*  the  pressure  is  removed,  a  large  portion  of  the 
add  undergoes  decomposition  into  the  anhydride,  CO,,  and  water. 
The  same  decomposition,  with  effervescence,  takes  place  when  we 
prepare  the  add  by  treating  a  carbonate  with  a  stronger  add.  The 
carbonates  of  gold,  arsenic,  antimony,  and  aluminum  are  unknown. 
The  carbonates  of  K,  Na,  Li,  Cs,  and  Rb  are  soluble  in  water  and  are 
not  decomposed  by  heat;  while  the  carbonates  of  all  the  other  metals 
are  insoluble  and  are  decomposed  by  heat,  giving  the  oxides  of  the 
metals. 

CaCO,  -  CaO  +  CO^ 

The  bicarbonates  are  formed  by  passing  carbon  dioxide  throug|i  solu- 
tions of  the  alkaline  carbonates. 

Na,CO,  +  H,0  +  CO,  -  aHNaCO^ 

They  are  converted  into  the  carbonates  again  by  boiling  the  solution. 
The  carbonates  of  ammonium  are  volatilized  by  heat.  Water  charged 
with  carbonic  add  dissolves  the  carbonates  of  some  of  the  metals,  as 
caldum,  magnesium,  iron,  copper,  lead,  etc.,  giving  rise,  in  the  case  of 
the  first  two,  to  a  hard  water.  This  hardness  is  deposited  again  on 
boiling  the  sdution,  or  even  on  free  exposure  to  the  air.  CO,  thus 
plays  an  important  part  in  certain  geological  formations. 

CARBON  aud  sulphur. 

Carbon  dinslphide,  carbonei  disulphidum  (U.  S.  P.),  carbonis 
Usolphidtim  (Br.),  CS„  is  formed,  like  die  dioxide,  by  the  direct  union 
of  the  elements.  When  the  vapor  of  sulphur  is  passed  over  charcoal 
heated  to  redness,  the  elements  combine,  produdng  the  vapor  of  carbon 
disulphide,  which  condenses  into  a  very  volatile,  colorless,  mobile 
liquid,  possessing  a  peculiar,  disagreeable  odor.  It  refracts  light 
strongly,  and  for  this  reason  is  used  to  fill  hoUow  glass  prisms  for  the 
spectroscope.  It  is  combustible,  burning  with  a  blue  flisane,  and  has 
been  suggested  as  a  means  of  furnishing  sulphurous  oxide  for  fumigation, 
by  burning  a  mixture  of  CS,  and  alcohol  in  a  lamp.  Specific  gravity, 
1.256  to  1.257  at  25^  C.  (77^  F.). 

The  vapor  mixed  widi  air  forms  an  explosive  mixture,  and  mixed 
with  nitrous  oxide  it  bums  with  a  very  brilliant  fiame.  It  is  insoluble 
in  water,  but  is  misdble  with  alcohol  and  ether.  It  is  a  ready  solvent 
for  su^hur,  phosphorus,  caoutchouc  (india-rubber),  fats,  oils,  and 
iodine,  with  the  last  of  which  it  forms  a  violet-red  solution.  CS, 
dissolves  in  a  solution  of  the  alkaline  sulphides,  forming  sulpho- 
caihomBtes  or  thiocarbonates.    CS,  -r  K,S  —  K,CS,.    CS,  may  thus 
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be  regarded  as  the  anhydride  of  thiocarbonic  acid,  HjCS,,  obtained  by 
adding  hydrochloric  acid  to  a  thiocarbonate.      « 

Pharmacopoeial  Requirements. — Carbon  disulphide  should  not  affect  the 
color  of  blue  litmus  paper  moistened  with  water.  (Absence  of  sulphur  dioxide.)  It 
should  leave  no  residue  when  evaporated  spontaneously.  (Absence  of  sulphur.) 
Test-solution  of  lead  acetate  should  not  be  blackened  when  agitated  with  it  (Ab- 
sence of  hydrogen  sulphide.)  Carbon  monosulphide,  CS,  a  brown-red  powder, 
a  sulphide  having  the  formula  C^S,,  and  an  oxysulphide,  COS,  are  also  known. 

CARBON  AUD  NITROGEN. 

Preparation. — Although  carbon  and  nitrogen  can  not  be  made  to 
unite  directly,  yet  carbon  compounds  containing  nitrogen,  when  heated 
with  potassium  hydroxide,  )rield  potassium  cyanide,  KCN;  and,  in  the 
presence  of  iron,  form  potassium  ferrocyanide,  or  yellow  prussiate  of 
potash.  From  these  two  compounds  all  the  long  list  of  compounds 
containing  the  radical  CN  are  prepared.  Cyanogen  and  the  cyanides 
are  frequently  regarded  as  organic  compounds.  They  are  treated  here 
among  the  inorganic  substances,  because  the  compounds  used  in 
medicine  and  pharmacy  are  mostly  metallic  salts. 

Cyanogen,  (CN),,  is  most  easily  prepared  by  heating  mercuric  or 
argentic  cyanide,  or  by  heating  a  mixttire  of  two  parts  of  well-dried 
potassium  ferrocyanide  and  three  parts  of  mercinic  diloride. 

Properties. — Cyanogen  is  a  colorless  gas  possessing  a  puneent  odor.  It  is  sol- 
uble in  one-fourth  its  volume  of  water  and  one-twentieth  its  volume  of  alcohol.  It 
is  easily  condensed  to  a  liquid  at  — 20.7®  C.  ( — ^5*  F.),  or  at  ordinary  temperatures 
by  a  pressure  of  four  atmospheres.  At  — ^34^  C.  ( — 29.2**  F.)  it  freezes  to  a  snow-like 
solid.  It  burns  in  the  air  with  a  purple-red  flame.  The  free  cyanogen  molecule 
is  composed  of  two  cyano^n  radicals,  CN — CN.  The  radical  CN  (sjrmbol,  Cy) 
is  a  monad,  negative,  or  acid  radical,  resembling  the  elements ^f  the  chlorine  group 
in  its  chemical  behavior,  and  forming  a  series  of  cyanides  resembling  the  chlorides, 
thus: 

Potassium  chloride,    KCl.  Potassium  cyanide,   KCy. 

Silver  chloride,  AgCl.  Silver  cyanide,  AgCy. 

Mercuric  chloride,      HgCl,.  Mercuric  cyanide,     HgCy^ 

Hydrocyanic  acid,  prussic  acid,  HCy,  is  most  readily  obtained 
by  decomposing  the  metallic  cyanides  with  sulphuric  or  hydrochloric 
acid. 

KCy  -I-  H^SO^  -  HCy  -f-  KHSO^. 
AgCy  -H  HCl  «  AgCl  -I-  HCy. 
2K4FeCy«  +  611,50,  =  FeK,FeCy«  +  6KHSO4  +  6HCy. 

The  acid  boils  at  26.5*^  C.  (79.7*^  F.),  and  is  soluble  in  water,  from 
which  it  gradually  escapes.  It  is  a  colorless  liquid,  of  a  characteristic 
odor  and  taste,  resembling  those  of  bitter  almonds,  the  oil  of  which 
contains  from  five  to  foiurteen  per  cent  of  this  acid.  It  is  also  a  con* 
stituent  of  laurel-water. 
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Acidum  hydrocyanicum  dilutum  (U.  S.  P.,  Br.)  contains  two 
per  cent  of  HCy,  "while  the  French  Pharmacopoeia  requires  the  acid  to 
contain  ten  per  cent. 

Preparation. — The  U.  S.  P.  directs  that  potassium  ferrocyanide 
be  treated  in  a  retort  with  sulphuric  acid  and  the  resulting  HCy  distilled 
into  a  receiver  containing  dilute  alcohol.  The  product  is  then  as- 
sayed, and  diluted  with  distilled  water  to  bring  it  to  the  strength  of 
two  per  cent. 

A  formula  is  also  given  for  preparing  the  acid  extemporaneously. 
Silver  cyanide  and  hydrochloric  acid  are  shaken  in  a  glass-stoppered 
botde,  and  when  the  precipitate  has  subsided  the  clear  liquid  is  poured 
off,  r^dy  for  use. 

Cyanides. — Prussic  acid  forms  a  series  of  compounds  known  as 
cyanides,  which  resemble  the  halogen  compounds.  The  cyanides  of 
potassium,  mercury,  and  silver  are  best  known.  The  first  is  soluble 
in  water;  the  other  two  are  insoluble.  The  potassium  salt  is  used 
largely  in  photography,  in  electrometallurgy,  and  in  the  extraction  of 
gold  from  its  ores. 

Toxicology. — Hydrocyanic  add  and  the  cyanides  are  very  poisonous. 
One  drop  of  the  pure  acid  is  enough  to  cause  almost  instant  death. 
Accidents  are  liable  to  occur  from  the  use  of  the  cyanides,  or  from  the 
acid,  or  vegetable  substances  containing  amygdaliiiy  a  body  which 
easily  undergoes  decomposition  into  prussic  acid  and  other  products. 
Bitter  almonds,  cherry-laurel,  the  pits  of  the  common  cherry,  plum, 
and  peach  may  be  mentioned  as  the  most  common  of  these.  In 
England,  poisoning  by  cyanides  ranks  second  in  order  of  frequency  of 
all  cases  of  poisoning.  One  grain  of  HCy  and  2.4  grains  of  potas- 
sium cyanide  are  sufficient  to  cause  death  in  man.  The  symptoms  of 
poisoning  by  HCy  and  KCy  are  very  nearly  the  same — first  a  saliva- 
tion, then  constriction  of  the  throat,  giddiness,  and  insensibiUty.  The 
person  then  falls,  usually  in  a  convulsion;  respiration  and  pulse  be- 
come irregular,  and  finally  cease.  The  symptoms  commence  from  ten 
seconds  to  one  minute  after  swaUowing  the  poison,  depending  some- 
what upon  the  dose  and  form  of  administration.  In  some  cases  death 
b  almost  instantaneous;  in  others  it  is  prolonged  to  fifteen  minutes, 
or  longer.  Hydrocyanic  acid  enters  the  blood,  forming  a  compound 
with  the  hemoglobin,  passes  to  the  medulla,  and  paralyzes  the  respira- 
tory centers.  The  postmortem  appearances  are  mainly  those  of 
suffocation,  and  everywhere  there  is  the  odor  of  the  acid,  unless  con- 
cealed by  putrefactive  odors.  When  potassium  cyanide  has  been  used, 
there  is  usually  inflammation  of  the  stomach,  due  to  its  caustic  action. 

Chronic  poisoning  by  cyanides  may  occur  in  photographers, 
gilders,  and  electroplaters.    The  symptoms  are:  headache,  giddiness, 
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noises  in  the  ears,  pains  in  the  region  of  the  heart,  difficult  respiration, 
loss  of  appetite,  nausea,  obstinate  constipation,  full  pulse,  pallor,  and 
.  offensive  breath. 

Treatment. — When  time  permits,  use  cold  douches,  ammonia  in- 
halations, chloride  of  lime  alone  or  moistened  with  vinegar  and  held 
to  the  nose,  friction,  electricity,  and  artificial  respiration.  The  best 
antidote  is  a  mixture  of  ferrous  and  ferric  sulphates,  with  sodium  or 
potassium  hydroxide  or  carbonate.  Usually,  however,  there  is  not 
sufficient  time  to  apply  these  remedies,  except  in  cas^  of  poisoning 
by  the  vegetable  substances  above  mentioned  as  containing  HCy,  and 
in  chronic  poisoning. 

Tests. — (i)  Silver  nitrate  precipitates  the  add  as  silver  cyanide — a  white, 
curdy  precipitate,  insoluble  in  cold  or  weak  nitric  add.  A  glass  rod  moistened  with 
AgNO,  and  held  in  the  vapor  is  rendered  milky,  (a)  Add  a  solution  of 
potassium  hvdroxide,  then  a  solution  of  ferrous  sulphate  mixed  with  ferric  sulphate, 
then  a  smau  quantity  of  sulphuric  acid,  when  the  blue  color  of  Prussian  blue 
will  appear.  ( t)  To  a  small  portion  of  the  suspected  liquid,  in  a  wide  test-tube 
or  cruable,  ada  diluted  sulphuric  or  hydrochloric  add.  Invert  over  this  a  watch- 
glass,  convex  side  down,  with  one  or  two  drops  of  yellow  ammonium  sulphide  upon 
Uie  under  side  of  it  Warm  the  crucible  gpntly,  and  after  a  few  minutes  remove 
the  watch-^ass,  warm,  and  evaporate  the  anmionium  sulphide  by  blowing  upon  it. 
Now  touch  the  stain  with  a  drop  of  ferric  chloride,  when  a  blood-red  stain  will  make 
its  appearance,  due  to  the  formation  of  sulphocyanate  of  ammonium  on  the  glass 
with  which  the  iron  gives  a  red  color.  This  test  is  easy  to  perform,  b  applicaUe  to 
oiganic  mixtures,  and  is  quite  delicate. 

Cyanic  Acid. — HOCy.  Metallic  cyanides  readily  take  up  oxygen 
when  fused  with  potassium  nitrate,  or  even  the  oxides  of  some  of  the 
metak,  to  form  cyanates.  Cyanic  add  may  be  prepared  by  decom- 
posing its  salts  with  diluted  adds.  It  is  unstable,  and  readily  breaks 
up  into  carbon  dioxide  and  ammonia. 

HOCN  +  H,0  -  NH,  +  COy 

Of  the  cyanates,  the  ammonium  cyanate  is  the  most  interesting,  as  its 
solution  in  water,  on  being  heated,  forms  urea,  a  body  isomeric  with 
it,  and  a  well-known  excretory  substance  found  in  urine. 

NH,CNO  -  CO(NHJ,. 

Thb  is  interesting  as  being  the  first  animal  substance  prepared  by 
synthesis. 

Compound  Cyanides. — Cyanogen  shows  a  remarkable  tendency 
to  form  complex  compounds.  Among  these  more  complex  compounds 
are  two  series  of  bodies  in  which  cyanogen  and  iron  form  the  radical. 
Of  these,  the  ferrocyanides  and  ferricyanides  of  potassium  and  iron 
are  the  most  important  and  will  be  described  among  the  salts  of  these 
metals. 
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CARBON  AND  THB  METALS. 

Caibon  combines  directly  with  a  considerable  number  of  the  metals 
at  the  very  high  temperature  of  the  electric  furnace,  forming  a  series  of 
carbides.  The  most  interesting  property  of  these  carbides  is  their 
behavior  with  water.  Iron  carbide,  however,  is  not  affected  by  it. 
Calcium  carbide  reacts  with  it  energetically,  with  the  evolution  of 
acetylene,  CjH^  CaC,  +  2H,0  -  CaO^,  +  C,Hj.  Aluminum  car- 
bide  gives  with  water  an  evolution  of  marsh  gas,  CH^.  Other  carbides 
give  a  mixture  of  these  two  hydrocarbons.  Uranium  carbide  gives  a 
mixture  of  marsh  gas  and  liquid  hydrocarbons. 

The  further  consideration  of  the  carbon  compounds  will  be  found 
in  Part  IV. 

SILICON  (SUicum). 

Si-s8. 

Ocosnence. — ^It  occurs  in  native  rocks,  dther  as  silicic  oxide, 
SiO,,  quartz,  amethyst,  camelian,  etc.,  or  combined  with  various 
metallic  oxides  as  silicates.  Clay  is  principally  a  silicate  of  aluminum 
colored  with  iron  and  vegetable  matter.  This,  next  to  oxygen,  is  the 
most  abundant  of  the  elements.  Neither  the  element  nor  its  com- 
pounds are  of  much  interest  to  pharmaceutical  or  medical  students. 

The  element  never  occurs  native,  but  may  be  prepared  in  three 
allotropic  states:  amorphous  silicon,  graphitic  silicon,  and  crys- 
tallized silicon,  somewhat  resembling  the  three  states  of  carbon. 

Compounds. — Silicic  hydride,  SiH^,  is  obtained  as  a  colorless, 
spontaneously  inflammable  gas,  by  the  electrolysis  of  a  solution  of 
common  salt,  using  for  the  positive  electrode  aluminum  containing 
silicon.  It  may  also  be  prepared  by  treating  magnesium  silidde  with 
HCL  The  magnesium  siUdde  may  be  obtained  by  heating  sand  with  an 
excess  of  magnesium  powder.  The  gas  so  prepared  is  mixed  with 
hydrogen. 

Silicic  chloride,  SiCl^,  is  a  colorless,  volatile  liquid  possessing  an 
irritating  odor.  The  bromide,  SiBr^,  and  fluoride,  SiF^,  are  also 
known.  This  latter  is  decomposed  by  water,  forming  hydro-fluo- 
silicic  acid,  H^FeSi. 

Silicon  sulphide,  SiS,,  and  silicon  nitride,  SisN,  are  also  known. 

SUicic  oxide,  or  anhydride,  SiO,,  is  the  only  known  oxide  of 
this  dement,  and  exists  in  a  pure  state  in  quartz  crystal.  It  may  be 
prq)ared  artificially  by  adding  hydrochloric  acid  to  a  concentrated 
solution  of  soluble  or  water  glass,  filtering,  washing,  and  heating  the 
residue  to  expd  the  water.    Artifidally  prepared,  it  is  a  fine,  white, 
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tasteless  powder,  fusible  with  great  difficulty,  and  not  sensibly  soluble 
in  water  or  acids,  with  the  exception  of  hydrofluoric  add.  Its  sp.  gr. 
is  2.66.  When  fused  with  potassium  or  sodium  carbonates  or  hydrox- 
ides, it  forms  a  silicate  of  these  metals,  or  glass.  When  these  alkalies 
are  in  excess,  the  glass  is  soluble  in  w;ater,  the  degree  of  solubility 
increasing  with  the  proportion  of  alkaline  salt  used.  This  compound 
is  known  as  soluble  glass  or  water  glass. 

Silicic  Acid  and  Silicates. — The  normal  silicic  acid  has  the 
formula  H4Si04,  and  is  only  known  in  solution  in  water.  It  may  be 
prepared  by  adding  hydrochloric  acid  to  a  very  dilute  solution  of  an 
alkaline  silicate,  but  it  is  unstable.  The  acid  is  very  prone  to  liberate 
a  portion  of  its  water  and  form  acids  of  the  condensed  types — i.e., 
two  or  more  molecules  unite  and  liberate  one  or  more  molecules  of 
water.  The  native  silicates  are  very  complex  in  structure,  and  are 
usually  formed  on  this  condensed  plan. 

Glass. — Common  glass  is  a  mixture  of  several  silicates,  in  which 
there  is  an  excess  of  silica,  the  principal  ones  used  being  sodium,  cal- 
cium, and  lead  silicates.  By  the  addition  of  small  quantities  of  metallic 
oxides,  various  colors  are  imparted  to  the  glass;  thus,  cobalt  gives  a 
blue,  manganese  an  amethyst,  cuprous  oxide  a  ruby,  cupric  oxide  a 
bluish-green,  chromium  a  greenish-yellow,  ferric  oxide  a  brownish- 
yellow  or  black,  and  ferrous  oxide  the  ordinary  green  bottle-glass. 

Germanium  is  not  of  sufficient  importance  to  merit  an  extended 
description  here. 

TIN  (Stannum). 

Sn  =»  ii8.     Specific  granty,  7.3. 

Occurrence. — ^Tin  was  known  before  the  Christian  era.  It  is 
said  to  have  been  found  native.  The  chief  ore  is  cassiterite,  or  tin 
stone,  SnO,.  The  metal  is  not  abundant  and  the  mines  are  but  few. 
Those  of  Cornwall  are  best  known.  The  most  important  present 
localities  are  a  group  of  islands  lying  east  of  Sumatra  and  the  United 
States.  The  Philippine  Islands  are  said  to  also  contain  tin  mines. 
Conmiercial  tin  is  seldom  pure^  but  is  liable  to  contain  lead,  copper, 
iron,  zinc,  antimony,  or  arsenic. 

Properties  and  Uses.— Tin  is  a  bluish-white,  soft  metal,  maUe- 
able,  ductile,  and  fusing  at  220^  C.  (428*^  F.).  At  100^  C.  (212°  F.)  it 
may  be  drawn  into  wire,  but  at  200°  C.  (392®  F.)  it  is  so  brittle  that  it 
may  be  pulverized.  It  oxidizes  readily  when  in  the  melted  state,  and 
at  higher  temperatures  it  takes  fire  and  bums  to  SnOj.  At  ordinary 
temperatures  it  is  fairly  permanent  in  the  air.  It  dissolves  in  hot 
hydrochloric  acid  and  in  diluted  nitric  acid,  and  in  hot  concentrated 
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solutions  of  sodium  and  potassium  hydroxides.  As  tin  does  not  tar- 
nish in  the  air,  or  is  not  easily  attacked  by  the  organic  acids,  it  is  much 
used  to  prepare  culinary  vessels.  Owing  to  its  cost  and  brittleness  it 
is  usually  employed  to  coat  over  sheet-iron  and  copper.  Ordinary 
sheet-tin  is  sheet-iron  covered  with  tin  by  inunersing  the  previously 
cleansed  iron  in  a  bath  of  melted  tin.  To  prevent  the  oxidation  and 
waste  of  the  tin  while  in  the  melted  state,  it  is  covered  with  a  layer  of 
melted  tallow.  The  article  to  be  tinned  is  dipped  through  the  tallow 
into  the  melted  tin,  thence  into  another  bath  of  tallow  to  allow  the  excess 
of  tin  to  run  ofif. 

An  alloy  of  tin  and  lead  is  largely  used  for  tinning  iron  and  copper, 
to  reduce  the  cost.  This  alloy  is  corroded  by  ordinary  water,  and 
should  never  be  used  for  culinary  vessels  or  for  canning  vegetables  or 
fruits,  on  accoimt  of  the  lead.  Brass  and  copper  articles  may  be 
given  a  thin  layer  by  inunersing  them  in  a  boiling  solution  of  tin  chloride, 
in  contact  with  pieces  of  metallic  tin.  Mirrors  are  coated  with  an 
amalgam  of  tin  in  such  a  way  as  to  exclude  all  air.  The  ordinary  tin- 
foil, used  as  wrapping  material,  is  made  by  rolling  a  sheet  of  lead  be- 
tween two  sheets  of  tin. 

Many  allo3r8  of  tin  are  in  common  use.  Solder  is  an  alloy  of  tin  and  lead,  in 
the  ratio  of  3  to  i,  i  to  i,  or  i  to  a.  Bronze  is  an  alloy  of  tin  and  copper.  Gun- 
metal  is  composed  of  10  per  cent  tin  and  90  per  cent  copper.  Bell- metal  is  20 
to  25  per  cent  tin  and  the  rest  copper. 

Pno^homs  bronze  b  made  by  fusing  copper  and  tin  phosphide.  Silicon 
bronze  contains  silicon  instead  of  phosphorus.  Tin  amalgam  is  used  to  coat  the 
backs  of  mirrors. 

Compounds. — Tin  forms  two  classes  of  compounds,  corresponding 
to  the  dyad  and  tetrad  conditions  respectively.  Of  these,  the  most  im- 
portant are  the  following: 

Stannous  Stannic 

Compounds.  Compounds. 

Chlorides, SnCl^  SnCl^. 

Oxides, SnO.  SnO,. 

Hydroxide, Sn(OH)y 

Stannic  add, H,SnOy 

Metastannic  acid, Hu>Sn,Ou. 

Nitrates, Sn(NOJy  Sn(N0^4 

Sulphates, SnSO^.  Sn(SOj,. 

Sulphides, SnS.  SnS,. 

Of  these  compounds  the  most  important  is  stannous  chloride, 
SnQ,.  It  is  prepared  by  treating  tin  with  dry  CI,  or  distilling  tin  with 
mercuric  chloride.  When  tin  is  dissolved  in  HCl  and  the  solution 
is  evaporated  and  cooled,  it  deposits  crystals  of  SnClj.aHjO.  These 
crystals  dissolve  in  about  one-third  their  volume  of  water,  but  are 
decomposed  by  a  large  quantity,  forming  the  oxychloride.    When  the 
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solution  of  this  salt  is  exposed  to  air,  it  absorbs  oxygen  and  deposits 
the  oxychloride.  Stannous  chloride  is  a  strong  reducing  agent,  and 
is  used  as  such  in  the  laboratory.  It  is  used  as  a  mordant  in 
dyeing.  Stannous  sulphide  is  produced  as  a  brown  powder  when 
HjS  is  conducted  through  a  solution  coiftaining  a  stannous  salt.  It 
is  insoluble  in  diluted  adds,  but  soluble  in  alkaline  sulphides,  and  in 
hot,  strong  HCl.  Stannic  sulphide,  SnS,,  is  commonly  known  as 
mosaic  gold  or  bronze  powder,  used  foi^  decorative  work.  It  is 
made  by  heating  in  a  flask  or  retort  a  mixture  of  13  parts  of  tin  and  6 
parts  of  mercury,  and  mixing  this  amalgam  with  6  parts  of  sulphur  and 
7  parts  of  ammonium  chloride.  On  applying  heat  to  this  mixture,  the 
mercury  and  ammonium  chloride  are  volatilized  and  the  mosaic  gold 
is  left,  as  a  beautiful  golden-colored  powder. 

Stannic  oxide,  SnO„  occurs  native  in  the  mineral  cassiterite.  When 
prepared  artificially,  by  roasting  tin  or  its  hydroxide,  it  appears  as  a 
white  powder.  It  is  used  in  the  manufacture  of  opaque  white  glass. 
Stannic  oxide  is  used  as  a  polishing  powder  under  the  name  of  '*  putty 
powder.** 

The  tin  salts  have  found  little  or  no  use  in  medicine. 

Toxicology. — The  salts  of  tin  have  feeble  toxic  properties.  The 
chlorides  are  poisonous,  belonging  to  the  irritant  poisons.  As  the 
chlorides  are  used  in  dye-works,  they  have  been  taken  by  mistake, 
and  have  caused  death  or  serious  S3rmptoms.  The  symptoms  do  not 
appear  to  be  constant  or  uniform,  but  there  is  usually  vomiting,  pain, 
depression  of  the  heart's  action,  diarriiea,  and  delirium. 

The  best  treatment  is  to  encourage  vomiting  and  give  milk  freely. 
Ammonium  carbonate  may  be  given,  which  precipitates  the  tin  in  a 
comparatively  insoluble  and  inert  condition.  The  chlorides  are  de- 
composed by  nearly  all  the  animal  fluids  and  also  by  vegetable  in- 
fusions. 

The  effects  of  small  doses  of  tin  continued  for  a  long  time  have  not 
been  clearly  defined. 

LEAD  (Plumbum). 

Pb  =  aoj. 

Occurrence. — The  most  abundant  ore  found  native  is  galena,  or 
galenite,  PbS.  Other  ores  are  cerussite,  PbCO,;  crocoisite, 
PbCrO^;  wulfenite,  PbMo04;  and  pyromorphite,  Pbj(P04)j. 

Preparation. — For  this  purpose  galenite  is  almost  exclusively 
employed.  The  ore  is  first  roasted  in  the  air,  by  which  a  portion  of 
the  lead  sulphide  is  converted  into  oxide  and  another  part  into  sulphate. 

2PbS  +  3O,  =  2PbO  +  2SO, 
and  2PbS  +  4O,  «-  2PbS04. 
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These  two  products  are  then  strongly  heated  in  a  reverbeiatoiy  furnace, 
when  they  react  as  follows: 


aPbO  +  PbS  -  3Pb  +  SO, 
and  PbSO^  +  PbS  -  2Pb  +  2SO,, 


If  the  galena  contains  much  silver,  this  is  separated  by  crystaUization 
and  cupellation. 

Properties. — Lead  is  a  bluish-white  metal,  brilliant  upon  freshly 
cut  surfaces,  but  soon  tarnishes.  It  is  soft,  malleable,  and  pliable,  but 
not  very  ductile.  Specific  gravity,  11.37.  It  fuses  at  334°  C.  (633**  F.). 
It  is  a  poor  conductor  of  electricity,  but  a  better  conductor  of  heat. 

When  exposed  to  the  air  it  oxidizes  slightly.  It  is  not  acted  upon 
by  pure  water  deprived  of  air,  but  by  the  contact  of  air  and  water  it 
oxidizes  to  the  hydroxide,  Pb(OH)„  which  is  slightly  soluble  in  water. 
If  the  water  contains  carbon  dioxide,  carbonates,  or  sulphates,  very 
little  lead  goes  into  solution,  but  it  is  coated  with  an  insoluble  layer  of 
lead  carbonate  or  sulphate.  If  the  carbon  dioxide  be  under  pressure, . 
as  in  soda-water,  the  carbonate  formed  is  somewhat  soluble  in  the  water. 

The  solvent  action  of  water  upon  lead  is  increased,  however,  by 
the  presence  of  nitrates  and  nitrites.  These  facts  are  of  great  practical 
importance,  as  lead  pipes  are  very  frequently  employed  for  conducting 
potable  waters. 

Strong  sulphuric  and  hydrochloric  adds  have  but  little  effect  on  lead, 
especially  if  cold,  owing  to  the  insolubility  of  its  sulphate  and  chloride. 
Nitric  acid  dissolves  ft  readily.  Zinc,  tin,  and  iron  precipitate  lead 
from  its  solutions. 

There  are  several  useful  alloys  of  lead.  Alloyed  with  an  equal 
part  of  tin,  it  fuses  at  186®  C.  (366.8**  F.),  and  is  used  for  soft  solder. 
Type-metal  is  an  aUoy  of  four  or  five  parts  of  lead  and  one  of  antimony ; 
the  proportions  vary  considerably. 

Lead  chloride,  PbCl,,  separates  as  a  white  precipitate  when 
hydrochloric  acid  or  a  soluble  chloride  is  added  to  a  concentrated  solu- 
tion of  a  lead  salt.  It  is  nearly  insoluble  in  cold  water,  but  dissolves  in 
thirty  parts  of  hot  water,  from  which  solution  it  crystallizes,  on  cooling, 
in  white,  shining  needles.  At  a  red  heat  it  fuses  to  a  horn-like  mass. 
Several  oxychlorides  are  also  known  which  are  used  as  yellow  pigments. 

Lead  iodide,  plumbi  iodidum  (U.  S.  P.,  Br.),  Pbl,,  is  precipi- 
tated from  lead  solutions  by  potassium  iodide  as  a  bright  yellow,  crys- 
talline powder.  It  is  practically  insoluble  in  cold  water,  but  more 
soluble  in  boiling  water,  from  which  it  crystallizes,  on  cooling,  in 
beautiful,  gold-colored,  glistening  crystals.  An  ointment  of  this  salt, 
is  official.  Exposed  to  lig^t  and  moisture,  it  decomposes,  with  the 
liberation  of  iodine. 
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Lead  oxide,   protoxide,  massicot,  litharge,  plumbi  oxidum 

(U.  S.  P.,  Br.),  PbO,  is  prepared  by  heating  lead,  its  carbonate  or 
nitrate,  in  the  air.  Much  of  it  is  obtained  as  a  by-product,  in  the 
extraction  of  silver  from  galena.  When  fused,  it  is  known  as  litharge ; 
the  powder,  as  massicot.  The  former  is  a  reddish-yellow  or  brown 
mass  of  rhombic  scales;  the  latter  is  a  yellow,  amorphous  powder, 
differing  from  litharge  in  color  and  texture,  but  not  in  comp>osition. 

Lead  oxide  has  strong  basic  properties.  It  absorbs  carbon  dioxide 
from  the  air  and  imparts  an  alkaline  reaction  to  water,  in  which  it  dis- 
solves as  hydroxide.  Like  other  strong  bases,  it  saponifies  fats  when 
heated  with  them,  to  form  lead  soaps,  or  lead  plaster.  It  dissolves 
readily  in  nitric  or  hot  acetic  acid,  with  the  formation  of  nitrate  or 
acetate  of  lead.  It  fuses  at  a  red  heat.  If  fused  in  an  earthen  cruci- 
ble, it  attacks  the  crucible  and  forms  a  silicate,  and  thus  perforates 
the  crucible.  When  heated  to  300**  C.  (572*^  F.)  in  contact  with  air, 
it  is  slowly  oxidized  to  a  bright-red  powder,  minium,  or  red  lead. 

Plumboso-plmnbic  oxide,  minium,  red  lead,  PbjO^,  or  2Pb- 
O .  PbO,,  is  prepared,  as  already  stated,  by  roasting  litharge  at  a  tem- 
perature of  300®  C.  (572**  F.),  and  is  used  as  a  pigment  and  in  the 
manufacture  of  glass.  Its  composition  is  probably  expressed  by  the 
formula  Pbj04,  or  as  the  lead  salt  of  plumbic  acid. 

It  is  a  brilliant  red  powder,  of  a  specific  gravity  of  8.62.  When 
strongly  heated,  or  subjected  to  the  action  of  reducing  agents,  it  is 
converted  into  litharge.  Nitric  acid  dissolves  the  monoxide,  leaving 
the  dioxide,  the  color  changing  to  brown.  • 

As  occurring  in  commerce,  it  is  frequently  contaminated  with 
oxides  of  iron  or  brickdust.  It  should  dissolve  in  dilute  nitric  acid 
to  which  a  little  sugar  has  been  added. 

Lead  dioxide,  peroxide  of  lead,  puce  oxide  of  lead,  binoxide  of 
lead,  plumbic  anhydride,  PbO,,  may  be  prepared  by  dissolving 
the  monoxide  out  of  minium  with  dilute  nitric  acid,  or  by  the  action 
of  chlorine  upon  lead  carbonate  suspended  in  water. 

It  is  a  dark,  reddish-brown  powder,  insoluble  in  water;  sp.  gr., 
8.903  to  9.190.  Heat  drives  off  half  its  oxygen,  converting  it  into  the 
monoxide.    It  is  therefore,  when  heated,  a  valuable  oxidizing  agent. 

Plumbic  acid,  H^PbO  j,  is  formed  as  crystalline  plates  at  the  positive 
electrode,  when  alkaline  solutions  of  the  lead  salts  are  subjected  to 
electrolysis. 

Lead  dioxide  dissolves  in  strong  solutions  of  the  alkaline  hydroxides 
to  form  well-defined  but  unstable  plumbates.  Potassium  plumbate 
may  be  obtained  in  cubic  crystak  by  dissolving  the  hydroxide  in  potas- 
dimi  hydroxide  and  cooling  the  solution.    It  is  decomposed  by  water. 
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Lead  nitrate,  plumbi  nitras  (U.  S.  P.),  PbCNOJ,,  Is  obtained 
by  dissolving  lead  or  its  oxides  in  an  excess  of  nitric  add. 

PbO  +  2HNO,  -  Pb(NO0,  +  H,0. 

It  forms  anhydrous,  octahedral  crystab,  soluble  in  two  parts  of  water 
at  1$°  C.  (59°  F.)  and  0.7  part  at  100°  C.  (212°  F.).  At  a  red  heat  it 
melts,  and  is  decomposed  into  PbO,  NO,,  and  oxygen. 

Lead  sulphate,  PbSO^,  occurs  in  the  mineral  anglesite  in  rhombic 
crystals,  isomorphous  with  bariimi  sulphate.  It  is  produced  by  the 
double  decomposition  between  a  sulphate  and  a  soluble  lead  salt. 

Pb(NO0,  +  Na^O^  «  PbSO,  +  2NaN03. 

It  is  insoluble  in  water,  but  readily  soluble  in  concentrated  sulphuric 
acid.    The  commercial  acid  always  contains  it. 

Lead  carbonate,  PbCO,,  occurs  as  cerussite.  Plumbi  car- 
bonas  (Br.)  has  the  composition  (PbCOj)j.Pb(OH)j.  It  may  be 
produced  by  double  decomposition  between  a  lead  salt  and  a 
soluble  carbonate,  or  by  passing  carbon  dioxide  through  a  neutral 
solution  of  a  lead  salt.  White  lead,  a  basic  carbonate,  was  formerly 
prepared,  commercially,  by  treating  thin  sheets  of  lead  with  acetic  acid 
and  then  exposing  the  acetate  to  carbon  dioxide. 

The  lead,  rolled  into  sheets,  is  placed  in  earthen  jars  containing  a  small  quantity 
of  vinegar  at  the  bottom,  but  not  in  contact  with  the  lead.  Great  numbers  of  the 
jars,  after  being  thus  charged,  are  buried  in  stable-manure  or  spent  tan- bark.  By 
the  decomposition  of  the  l^k  or  manure  considerable  carbon  dioxide  and  heat  are 
produced.  The  heat  volatilizes  a  portion  of  the  vinegar,  which,  acting  upon  the 
kad,  produces  the  basic  acetate  PbCCjHjO^, .  Pb(OH)a.  The  carbon  dioxide 
acts  upon  the  acetate,  and  converts  it  into  a  basic  or  hydiicarbonate  of  lead  hav- 
ing the  formula: 

(PbCO,),Pb(OH)a. 

The  acetic  add  thus  set  free  acts  upon  a  fresh  portion  of  the  lead.  "  After  the  lapse 
of  about  six  weeks  the  pile  is  taken  down,  the  sheets  are  taken  out,  and  the  carbonate 
detached  from  them  by  passing  them  through  rollers  or  by  pounding.  The  white 
powder  is  then  ground  with  oil  and  sent  into  the  market  as  "white  lead."  This 
process  is  now  modified  in  a  number  of  ways  by  patented  processes. 

White  lead  is  largely  used  in  oil-painting,  forming  a  part  of  all 
but  the  darkest  colors.  As  it  is  poisonous,  and  is  darkened  by  the 
action  of  hydrogen  sulphide  in  the  atmosphere,  it  is  at  present  being 
more  and  more  replaced  by  zinc  white,  ZnO,  and  permanent  white, 
BaSO,. 

Lead  sulphide,  PbS,  occurs  in  the  mineral  galena.  It  is  pre- 
cipitated, as  a  blads:  powder,  from  solutions  of  lead  salts  by  hydrogen 
sidphide  or  by  alkaline  sulphydrates.  The  native  sulphide  is  bluish- 
gray  and  has  a  metallic  luster.    Specific  gravity,  7.58.    The  sulphide 
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obtained  by  precipitation  has  a  sp.  gr.  of  6.924.  It  is  insoluble  in 
dilute  acids. 

Lead  acetate,  salt  of  saturn,  sugar  of  lead,  plumbi  acetas 
(U.  S.  P.,  Br.),  Pb(C^,0^, .  jHjO,  is  prepared  by  dissolving  litharge 
in  acetic  acid;  or  by  exposing  lead  to  the  action  of  acetic  acid  and 
air,  evaporating,  and  crystallizing.  It  forms  large,  oblique,  rhombic 
prisms,  having  a  sweetish,  metallic  taste.  It  dissolves  in  2.3  parts  of 
water  at  15**  C.  (59°  F.),  and  in  21  parts  of  alcohol,  forming  solutions 
which  have  an  acid  reaction  upon  test-paper.  On  exposure  to  the  air 
the  crystals  eflBoresce  upon  the  surface  and  are  partly  converted  into 
carbonate.  Several  subacetates,  or  basic  acetates,  are  known. 
The  only  one  of  these  requiring  mention  is  that  having  the  formula 
PbaOCCjHjO,),.  This  is  the  chief  constituent  of  liquor  plumbi 
subacetatis  (U.  S.  P.,  Br.),  or  Goulard's  extract,  which  is  obtained 
by  boiling  a  solution  of  the  neutral  acetate  with  lead  monoxide  in  fiuie 
powder.  When  exposed  to  the  air,  this  solution  absorbs  CO,  and  be- 
comes milky  from  die  formation  of  lead  carbonate. 

Lead  chromate,  PbCrO^,  is  formed  by  precipitating  lead  nitrate 
or  acetate  with  potassium  chromate. 

Pb(NO0,  +  K,CrO,  -  PbCrO,  +  2KNO,. 

It  is  used  as  a  pigment,  under  the  name  of  chrome  yellow.  Re- 
cently its  fraudulent  use  as  an  artificial  coloring  agent  in  manufactured 
food-products  has  been  discovered.  It  is  insoluble  in  water,  but  solu- 
ble in  strong  alkalies. 

Poisonous  Action  of  Lead.— All  of  the  compounds  of  lead 
that  are  soluble,  and  those  that  are  themselves  insoluble,  but  that  are 
readily  convertible  into  soluble  compounds  by  the  action  of  air,  water,  or 
the  digestive  fluids,  are  poisonous. 

Acute  lead-poisoning  is  comparatively  rare,  and  is  not  often  fatal. 
It  is  generally  caused  by  the  ingestion  of  a  single  large  dose  of  the 
acetate,  subacetate,  carbonate,  or  red  lead. 

When  it  occurs  magnesium  sulphate  should  be  given,  as  it  forms' 
with  it  an  insoluble  lead  sulphate. 

If  the  metal  be  once  absorbed,  it  is  eliminated  slowly,  as  it  tends 
to  become  fixed  by  combination  with  the  proteids  of  the  body.  This 
compound  is  rendered  soluble  by  potassium  iodide.  It  is  eliminated  by 
the  urine,  perspiration,  and  bile. 

The  chronic  form  of  lead-poisoning,  painters'  colic,  is  very  com- 
mon, and  is  produced  by  the  continuous  absorption  of  small  quantities 
of  the  metal  or  its  compounds,  either  by  the  skin,  the  lungs,  or  the 
stomach.  Although  metallic  lead  is  inert,  its  absorption  wHll  cause 
symptoms  of  poisoning  from  its  being  converted  within  the  body  into 
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poisonous  compounds.  Some  of  the  methods  by  which  it  may  be 
introduced  are:  the  drinking  of  water  that  has  been  in  contact  with  the 
metal;  the  use  of  food,  tobacco,  etc.,  that  has  been  wrapped  in  tin-foil 
containing  lead;  the  drinking  of  beer  or  other  beverages  that  have 
been  kept  in  pewter  vessels;  and  the  handling  of  the  metal,  its  salts, 
or  its  alloys  by  artisans.  Almost  all  of  the  commoner  compounds  of 
lead  may  give  rise  to  chronic  poisoning.  Probably  the  carbonate  is  the 
cause  of  more  cases  in  painters,  artists,  manufacturers  of  paint,  and 
persons  sleeping  in  freshly  painted  apartments  than  any  other  lead 
compound. 

On  account  of  the  many  ways  in  which  it  may  be  introduced,  great 
caution  is  necessary  in  drawing  conclusions  from  traces  of  lead  found 
in  the  body  after  death. 

CERIUM. 

Cerium  is  a  somewhat  rare  metal  found  in  a  nimiber  of  minerals 
as  a  silicate,  more  especially  in  cerite.  The  element  may  be  obtained 
by  the  electrolysis  of  cerous  chloride.  It  resembles  iron  in  most  of 
its  physical  properties.    Like  iron,  it  forms  two  series  of  compounds. 

Cerium  oxalate,  cerii  ozalas  (U.  S.  P.,  Br.),  Ce,(C,0 J,  +  qHjO, 
is  used  in  medicine  and  is  prepared  by  precipitating  cerous  chloride 
with  ammoniimi  oxalate.  It  is  a  white  powder,  permanent  in  the  air, 
odorless,  tasteless,  insoluble  in  water  or  alcohol,  but  soluble  in  hydro- 
chloric add.  On  heating  the  salt  it  decomposes,  leaving  a  reddish- 
yellow  residue  of  Ctfi^ 

The  remaining  metals  of  Group  IV  are  titanium,  zirconiiun, 
and  thorium.    Of  these,  none  have  found  use  in  medicine. 

The  oxide  of  thorium  mixed  with  about  one  per  cent,  of  Ce^O,  is  used 
to  make  the  mantles  used  in  the  Wekbach  incandescent  gas-Ught. 
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THE  GENERAL  PROPERTIES  OF  THE  METALS. 

Except  mercury,  the  metals  are  all  solid  at  ordinary  temperatures. 
Mercury  solidifies  at  —39°  C.  (—102®  F.)  and  boils  at  360*^  C.  (680®  F.). 

The  metals  are  opaque,  except  in  very  thin  sheets;  they  generally 
have,  when  unoxidized,  a  shining  surface  called  a  metallic  luster.  The 
most  of  them  are  more  or  less  crystalline  in  structure,  and  ductile  at 
15 
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some  temperature.  They  are  generally  electropositive  and  combine  with 
the  electronegative  elements,  or  groups,  to  form  salts.  When  finely 
powdered  they  are  mostly  dark  gray  or  black  in  color.  The  specific 
gravity  varies  greatly,  from  0.59  (lithium)  to  22.5  (osmium).  They 
vary  also  in  hardness  and  melting  point.  As  a  class,  the  metals  are 
good  conductors  of  heat  and  electricity.  Silver  is  the  best  conductor  of 
both  heat  and  electricity,  with  copper  second  in  this  respect.  The 
metals  are  generally  attacked  by  nitric  add  and  form  nitrates.  The 
exceptions  are  Al,  Au,  and  Pt.  Sb  and  Sn  do  not  dissolve  nor  form 
nitrates,  but  are  oxidized  into  antimonic  and  metastannic  adds,  respect- 
ively.   They  thus  behave  like  the  non-metals,  rather  than  the  metals. 

All  the  metals,  either  directly  or  indirectly,  combine  with  chlorine 
to  form  chlorides.  All  form  fluorides  and  oxides  and  most  of  than 
sulphides.  The  most  of  the  metals  tarnish  in  the  air,  except  Au,  Ag,  Pt, 
Hg,  Pd,  Rh,  Ru,  Os,  and  Ir. 

The  metab  of  the  alkalies  and  alkaline  earths  decompose  water, 
combining  with  the  oxygen  and  set  free  the  hydrogen. 

Many  of  the  other  metab  decompose  water  at  higher  temperatures 
only. 

The  metab  when  fused  together  generally  form  alloys.  Alloys  are 
generally  harder  than  the  components,  and  generally  melt  at  a  lower 
temperature  than  either  of  the  components.  The  properties  of  alloys 
are  generally  different  from  those  of  the  constituents. 

Amalgams  are  alloys  of  mercury  with  other  metab.  Alloys  of 
mercury  and  another  alloy  are  called  amalgam-^alloys. 

Dental  amalgam-alloy  b  usually  composed  of  silver,  tin,  and  mer- 
cury. 

The  action  of  the  metals  on  the  human  body  is  generally  slight 
unless  oxidized  or  converted  into  the  salts  or  compounds  of  the  meted. 
The  compounds  of  any  metal  owe  their  action  chiefly  to  the  metal,  in 
most  cases,  rather  than  to  the  electronegative  part  of  the  molecule, 
though  there  are  exceptions  to  this.  The  iodides,  bromides,  qranides, 
arsenites,  arsenates,  and  fluorides  are  exceptions.  The  toxidty  of 
metab  in  a  group  varies  with  their  atomic  weights.  Most  of  the  heavy 
metab  prolMibly  form  albuminates  in  the  body,  either  before  or  after 
absorption. 
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GROUP  1.— THE  ALKALI  METALS. 

X.  lithium, 7.03    4.  Rubidium, 85.5 

2.  Sodium, 33.05    5.  Cesium, 132.9 

3.  Potassium, 39*x5    6.  (Ammonium),  NH^  »        18.07 

The  metals  of  this  group  present  a  great  similarity  in  their  chemical 
and  physical  properties.  When  exposed  to  the  air,  they  all  readily 
oxidize.  They  decompose  water  violently,  with  the  formation  of  strong 
basic  hydroxides  which  dissolve  in  the  excess  of  water.  The  hydroxides 
thus  formed  are  called  caustic  alkalies  (caustic  potash,  caustic  soda); 
hence  the  name  alkali  metal.  Nearly  all  of  the  salts  of  these  metals  are 
soluble,  and  most  of  them,  when  in  solution,  turn  red  litmus  blue — 
f .  e.y  they  give  an  alkaline  reaction.  They  form  but  one  chloride, 
one  iodide,  and  one  bromide. 

LITHinM. 

U-7. 

Lithium  occurs  widely  distributed  in  nature,  but  in  small  quantities. 
It  is  found  in  some  mineral  springs  and  in  the  ashes  of  many  plants, 
chiefly  that  of  tobacco  and  beet.  It  is  usually  obtained  by  separating 
it  from  its  chloride  by  electrolysis.  It  is  silver-white  in  color  and 
decomposes  water  at  ordinary  temperatures.  It  is  the  lightest  of  the 
solid  elements,  and  floats  upon  naphtha.  Spedflc  gravity,  0.589.  It 
fuses  at  180^  C.  (356^  F.)  and  bums  in  air  with  an  intense  red  light 
Its  sahs  closely  resemble  those  of  sodium. 

Lithium  chloridey  LiCl,  crystallizes  at  ordinary  temperatures  in 
regular,  anhydrous  octahedra;  below  10**  C.  (50*^  F.),  however,  with 
two  molecules  of  water.    It  is  very  deliquescent. 

Lithium  bromide,  lithii  bromidum  (U.  S.  P.),  LiBr,  is  obtained 
by  decomposing  lithium  sulphate  with  potassium  bromide,  or  by 
neutralizing  a  solution  of  hydrobromic  add  with  lithium  carbonate. 
It  crystallizes  in  deliquescent  needles.  Soluble  in  0.6  part  of  water  at 
i5*>  C.  (S9°  F.)  and  0.3  part  of  boiling  water.  Very  soluble  in  alcohol 
and  ether. 

Lithhmi  oxide,  LijO,  is  a  white  solid  formed  by  burning  lithium 
in  dry  oxygen.   It  slowly  dissolves  in  water,  forming  the  hydroxide  LiOH. 

Lithiimi  carbonate,  lithii  carbonas  (U.  S.  P.,  Br.),  Li,CO„ 
is  obtained  by  fudng  a  native  silicate  called  lepidolite  with  barium 
sulphate  and  carbonate  ^nd  potasdum  sulphate.  It  is  then  extracted 
with  water  and  precipitated  with  sodium  carbonate.  It  is  a  white, 
odorless  powder  of  a  strongly  alkaline  taste,  soluble  in  80  parts  of  water 
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at  15*^  C.  (59*^  F.),  and  in  diluted  acids  with  copious  effervescence.  It 
reacts  readily  with  uric  add,  forming  a  soluble  lithium  urate.  This 
property  renders  it  of  value  in  preventing  the  deposit  of  uric  add  in  gout. 

Lithii  benzoas  (U.  S.  P.),  LiCyH^O,,  is  a  light,  white  powder 
having  a  faint  benzoin-like  odor  and  a  sweetish  taste.  It  is  soluble  in 
4  parts  of  water  and  in  13  parts  of  alcohol.  Its  aqueous  solution  has 
a  faintly  add  reaction  upon  litmus  paper. 

Lithium  citrate,  lithii  citras  (U.  S.  P.,  Br.),  Lifi  fifi^y  is  a  white, 
odorless,  deliquescent  powder,  readily  soluble  in  water,  almost  in- 
soluble in  alcohol.  It  is  made  by  double  decomposition  between  Li^CO, 
and  dtric  add. 

3Li,CO,  +  2H,QH.O,  -  2Li,CeH,0,  +  3CO,  +  3H,0. 

Lithii  citras  effervescens  contains  5  per  cent,  of  lAfi^O^y  57 
per  cent,  of  HNaCO,,  36  per  cent,  of  tartaric  acid,  and  19.5  per  cent, 
of  citric  add.    It  is  a  white,  granular  powder. 

Lithium  salicylate,  Uthu  saUcylas  (U.  S.  P.),  LiC^H,0„  is  made 
by  double  decomposition  between  liUiium  carbonate  and  salicylic  add. 

Li,CO,  +  2HQH,0,  -  aLiQHjO,  +  CO,  +  H,0. 

A  white,  deliquescent,  odorless  powder  having  a  sweetish  taste.  It 
is  very  soluble  in  water  and  alcohol. 

SODIUM  (Natrimn). 

N*  -  23. 

Occurrence. — This  metal  occurs  widely  distributed,  being  found 
in  sea-water  and  in  rock-salt,  as  the  chloride,  in  many  native  silicates, 
and  also  as  borax  and  Glauber's  salt. 

Preparation. — It  was  formerly  obtained  by  a  process  which  de- 
pends upon  the  reduction  of  the  carbonate  by  carbon.  An  intimate 
mixture  of  the  two  substances  was  prepared  by  charring  the  tartrate 
of  sodium  in  an  iron  retort.  The  temperature  was  then  raised  to  red- 
ness, when  the  sodium  was  reduced,  distilled  off,  and  condensed  in 
flattened  receivers. 

Na,CO,  +  C,  -  Na,  +  3CO. 

It  is  manufactured  by  heating  sodium  hydroxide  to  about  800® 
C.  (1472°  F.)  with  iron  carbide,  when  the  sodium  distils  over  and  is 
condensed. 

6NaOH  +  FeCj  -  2Na,CO,  +  Fe  +  3H,  +  Na^ 

It  is  now  generally  prepared  by  the  electrolytic  decomposition  of 
fused  sodium  hydroxide. 

2NaOH  -  Na,  +  H,  +  Oy 

The  Na,  and  H,  appear  at  the  cathode  and  O,  at  the  anode. 
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Properties. — Sodium  is  a  soft,  silver-white  metal.  On  exposure  to 
the  air  it  becomes  slowly  coated  with  a  brownish-yellow  layer,  and  should 
be  kept  under  naphtha.  It  fuses  at  95.6®  C.  (204*^  F.),  and  volatilizes, 
at  about  900^  C,  the  vapor  burning  with  a  bright  yellow  flame.  Specific 
gravity,  0.972.  It  is  characterized  by  its  affinity  for  oxygen,  decompos- 
ing water  at  ordinary  temperatures,  liberating  hydrogen,  and  forming 
sodium  hydroxide,  NaOH. 

Na,  +  2H,0  -  2NaOH  -h  H^ 
The  molecule  is  believed  to  be  mon-atomic 

HALOID  SALTS. 

Sodium  chloride,  common  salt,  sodii  chloridmn  (U.  S.  P., 
Br.),  NaCl,  is  found  very  abundant  in  natiure.  It  is  deposited,  in  the 
solid  form,  as  rock-salt,  in  almost  all  parts  of  the  globe.  It  is  found, 
in  solution,  in  all  natural  waters,  and  to  the  extent  of  2.7  to  3.2  per 
cent,  in  sea-water.  It  also  exists  in  most  animal  and  vegetable  tissues. 
It  is  formed  in  a  great  number  of  chemical  reactions.  Its  most  im- 
portant source  is  the  deposits  of  rock-salt,  from  which  it  is  mined: 
it  is  also  obtained  by  the  evaporation  of  sea-water  or  saline  spring- 
waters.  It  crystallizes  from  water  in  translucent  cubes.  It  fuses  at  a 
red  heat  and  volatilizes  at  a  white  heat.  Hot  water  dissolves  but  little  , 
more  than  cold :  100. parts  of  water  at  o*^  C.  (32*^  F.)  dissolve  36  parts  of 
the  salt,  and  at  100°  C.  (212®  F.)  39  parts.  A  satiu^ted  solution, 
therefore,  contains  thirty-six  per  cent,  sodium  chloride.  The  ice 
obtained  from  dilute  solutions  is  nearly  free  from  NaCl.  On  account 
of  a  slight  admixture  of  magnesium  salts,  most  specimens  of  common 
salt  will  deliquesce.    The  perfectly  pure  salt  is  not  hygroscopic. 

Soditim  bromide,  sodii  bromidmn  (U.  S.  P.,  Br.),  NaBr,  is 
formed,  together  with  sodium  hypobromite,  by  the  action  of  bromine 
upon  a  cold  solution  of  sodium  hydroxide. 

3Br,  +  6NaOH  -  sNaBr  +  NaBrO,+  3H,0. 

The  hypobromite  is  converted  into  bromate  upon  evaporating  the  solu- 
tion to  dryness. 

The  mixture  of  NaBr  and  NaBrO,  is  then  heated  with  charcoal^ 
whidi  converts  the  NaBrO,  into  NaBr. 

SNaBr  +  NaBrO,  +  3C  -  6NaBr  +  3CO. 

It  oystalKzes  in- anh3rdrous  cubes,  and  is  soluble  in  1.13  parts  of 
water  at  20*^  C.  (68°  F.),  and  in  0.5  at  100**  C.  (212°  F.).  It  contains 
77.67  per  cent  of  bromine. 


214  MEDICAL  CHEMISTRY. 

Sodium  iodide,  sodii  iodidum  (U.  S.  P.,  Br.),  Nal,  is  made 
by  the  action  of  iodine  upon  a  hot  solution  of  sodium  hydroxide. 
3la  +  6NaOH  -  sNal  +  NalO,  +  3H,0. 

The  solution  is  evaporated,  and  the  salts  are  then  heated  in  contact 
with  charcoal,  and  the  NalO,  reduced  to  Nal. 

SNal  +  NalO,  +  3C  -  6NaI  +  3CO. 

It  crystallizes  in  cubes  without  water,  and  is  soluble  in  0.56  part  of 
water  at  ao*'  C.  (68*^  F.),  and  in  0.32  at  100®  C.  (212°  F.).  It  contains 
84.66  per  cent,  of  iodine. 

SODIUM  AND  OXTGEir. 

Oxides.— Two  are  known— Na,0  and  NajO,.  The  first  of 
these  is  a  white  powder,  formed  by  Uie  oxidation  of  the  metal  in  dry 
air.  It  is  very  deliquescent,  soon  liquefying  in  air.  The  peroxide, 
Na202,  is  a  grayish-white  mass,  obtained  by  heating  sodium  in  a  current 
of  oxygen  until  no  more  oxygen  is  absorbed.  They  both  unite  with 
water  with  great  energy. 

Sodium  peroxide  has  recently  come  into  use  as  a  bleaching  and 
oxidizing  agent.  It  contains  about  twenty  per  cent,  of  available  oxygen. 
When  thrown  into  water,  sodium  hydroxide  and  oxygen  are  produced. 

2Na,0,  +  2H8O-  4NaOH  +  O,. 

When  thrown  into  a  solution  of  a  dilute  acid,  hydrogen  dioxide  is 
produced. 

Na,Oa  +  2HCI  -  aNaCl  +  H,0,. 

It  is  employed  as  an  oxidizing  agent  in  the  laboratory,  and  occa- 
sionally in  add  solutions  as  a  disinfectant. 

Sodium  hydroxide,  sodium  hydrate,  caustic  soda,  sodii  hydroxi- 
dum  (U.  S.  P.),  soda  caustica  (Br.),  NaOH,  is  usually  obtained  by 
boiling  a  solution  of  sodium  carbonate  with  calcium  hydroxide. 

Na,CO,  +  Ca(OH)j  -  CaCO,  +  aNaOH. 

The  resulting  solution,  after  filtering,  is  evaporated  to  dryness,  dis- 
solved in  alcohol,  again  evaporated,  fused  in  a  silver  vessel,  and  cast 
into  sticks.  This  product  is  usually  labeled  caustic  soda,  by  alcohol. 
It  is  a  white,  opaque,  brittle,  crystalline  mass,  or  in  dry,  white  pencils, 
fusing  below  redness;  sp.  gr.,  2.00.  It  dissolves  readily  in  water,  the 
solution  being  known  as  soda-lye  in  the  arts,  and  in  pharmacy  as 
liquor  sodii  hydroxidi  (sp.  gr.  of  the  latter,  1.056).  This  solution 
attacks  glass;   hence  the  necks  and  stoppers  of  bottles  containing  it 
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should  be  coated  with  paraffin.  When  exposed  to  the  air,  sodium 
hydroxide  attracts  water  and  carbon  dioxide,  liquefies,  and  is  converted 
into  the  carbonate. 

SALTS  OF  SODroM. 

Sodiura  stttphatey  neutral  sodium  sulphate,  Glauber's  salt, 
sodii  sul^ias  (U.  S.  P.,  Br.),  Na^O^.ioHjO,  occurs  native  in  deposits; 
also  in  solution  in  mineral  waters.  It  is  a  by-product  in  the  manu- 
facture of  sodiiun  chloride  from  sea-water  and  brine,  and  in  several 
manufacturing  industries.  It  is  prepared  by  the  decomposition  of 
common  salt  with  sulphuric  add. 

aNaCl  +  H;S0,  -  Na^O,  +  2HCI. 

Sodium  sulphate  crystallizes,  at  ordinary  temperatures,  with  ten 
molecules  of  water,  in  large,  colorless,  monoclinic  prisms,  which  ef- 
floresce in  the  air,  losing  all  of  their  water.  If  heated  to  33®  C.  (91.4® 
F.),  they  liquefy  in  their  own  water  of  crystallization,  and  at  higher 
temperatures  become  anhydrous.  At  12**  C.  (53.6°  F.)  crystals  may 
be  obtained  having  the  formula  Na2S04.7H20. 

The  following  ciirious  action  of  the  solution  of  Glauber's  salt  may  also  be  no- 
ticed: If  the  solution,  saturated  at  33®  C.  (91.4®  F.),  be  cooled  down  to  the  ordinary 
temperature,  and  even  far  below,  no  separation  of  crystals  occurs,  although  the  salt 
is  very  much  less  soluble  at  lower  temperatures  than  at  33*^  C.  (91 .4**  F.).  This  for- 
mation of  a  supersaturated  solution  is  common  to  many  salts,  though  not  to  so 
marked  a  degree  as  in  the  case  of  Glauber's  salt.  This  supersaturated  solution  may 
be  agitated,  and  still  no  crvstalsform.  But,  if  it  be  gently  touched  with  a  glass  rod 
or  some  other  solid  body,  the  entire  mass  will  at  once  become  crystallized. 

Hydrogen  sodium  sulphate,  acid  sodium  sulphate,  sodium 
bisulphate,  NaHSO^,  is  obtained  by  the  action  of  an  excess  of  sul- 
phuric add  upon  sodium  sulphate  or  sodium  chloride. 

NaCl  +  H;S0,  -  NaHSO^  +  HCl. 

It  crystallizes  in  long,  four-sided  prisms.  It  fuses  readily,  and  at 
higher  temperatures  loses  water  and  is  converted  into  the  pyrosulphate, 
Na^jO^.    It  is  very  soluble  in  water,  giving  an  add  solution. 

Sodium  thiosulphate,  sodium  hyposulphite,  sodii  thiosulphas 
(U.  S.  P.),  Na,SjO,.sHjO,  is  prepared  by  boiling  the  sulphite  with 
sulphiu*. 

Na^O,  +  S  -  Na^jO,. 

Sodium  thiosulphate  forms  large  monoclinic  prisms,  which  contain 
five  molecules  of  water,  and  is  slightly  deliquescent  in  the  air.  It  is 
used  as  a  redudng  agent,  decolorizing  an  iodine  solution,  with  the  for- 
mation of  sulphuric  add  and  sodium  iodide. 

Sodium  sulphite,  sodii  sulphis  (U.  S.  P.,  Br.\  Na,S03.7H30, 
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is  prepared  by  saturating  one-half  of  a  solution  of  NajCO,  with  suly 
phurous  oxide,  and  adding  the  other  half.  The  SO,  converts  the 
carbonate  into  the  hydrogen  sodium  sulphite. 

Na,CO,  +  H,0  +  2SO,  -  aNaHSO,  +  CO^ 
This  salt  reacts  with  sodium  carbonate  to  produce  file  sulphite. 
aHNaSO,  +  Na,CO,  -  2Na^O,  +  H,0  +  CO,. 

Sodium  bisulphite,  sodii  bisulphis  (U.  S.  P.),  HNaSO,,  is 
made  by  saturating  a  solution  of  sodiiun  carbonate  with  SO,,  evaporat- 
ing and  crystallizing. 

Sodium  carbonate,  soda,  neutral  carbonate  of  soda,  sal  soda, 
washing  soda,  sodii  carbonas  (U.  S.  P.,  Br.),  Na3CO,.ioH,0» 
is  the  most  important  of  the  sodium  compounds  for  industrial  piurposes. 
It  occurs  abundantly  in  nature,  in  the  so-called  sodium  seas  (in  Egypt, 
and  the  Caspian  Sea),  and  is  contained  in  the  ashes  of  many  sea-plants, 
chiefly  the  algae.    It  is  manufactiued  by  a  number  of  processes: 

1.  The  principal  supply  is  sodium  diloride,  from  which  it  is  manu- 
factured according  to  a  method  devised  by  Le  Blanc  in  1808.  By  this 
method  the  sodium  chloride  is  first  converted  into  the  sulphate  by  warm- 
ing with  sulphuric  add,  dried,  mixed  with  charcoal  and  calcium  carbon- 
ate, and  strongly  heated.  The  carbon  reduces  the  sodium  sulphate  to 
sulphide,  when  the  sodium  sulphide  and  calcium  carbonate  react  to  form 
calcium  sulphide  and  sodium  carbonate.  This  is  known  as  the  soda 
ash  process. 

2.  Of  late  years  another  process,  known  as  Solyay's,  or  the  am- 
monia method,  has  largely  replaced  that  of  Le  Blanc  In  this  process  a 
strong  solution  of  sodium  chloride  is  treated  with  ammonium  carbonate. 

NaCl  -h  NH^HCO,  -  NaHCO,  +  NH,CL 

There  is  formed  the  sparingly  soluble  sodium  bicarbonate  and  the 
freely  soluble  ammonium  chloride.  The  sodium  bicarbonate,  which 
crystallizes  out,  b  then  converted  into  the  carbonate  by  heat. 

3.  The  carbonate  is  also  largely  made  by  the  cryolite  process. 
Cryolite  is  a  mineral  found  in  great  abundance  in  Greenland.  It  is  a 
double  fluoride  of  aluminum  and  sodium  (NaF)3.AljF^ 

This  is  heated  with  lime,  CaO,  which  decomposes  it,  forming  cal- 
cium fluoride  and  aluminate  of  sodium. 

(NaF)e.Al^e  +  6CaO  -  6CaF,  +  (Na,0)r A1,0^ 

The  aluminate  of  sodium  is  then  dissolved  out  with  water  and  carbon 
dioxide  passed  through  the  solution. 

(Na,0)^A1.0,  -h  3H,0  -h  3CO,  -  3Na,CO,  -h  AWOH).. 

The  A1,(OH)0  is  insoluble  and  separates,  while  the  sodium  carbon- 
ate solution  is  evaporated  and  crystallized. 
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4.  The  electrolytic  process  is  also  employed  to  some  extent.  This 
consists  in  the  electrolysis  of  an  aqueous  solution  of  NaCl.  The  anode 
is  composed  of  retort  carbon  and  the  cathode  of  iron.  The  sodium 
bydroxide  generated  is  converted  into  the  carbonate  by  treatment  of  the 
solution  with  carbon  dioxide.  The  reactions  of  the  process  are  as 
follows: 

1.  2NaCl  -  CI,  +  Nay 

2.  Na,  +  2H,0  -  2NaOH. 

3.  2NaOH  +  CO,  -  Na,COy 

At  ordinary  temperatures  sodium  carbonate  crystallizes  in  large 
liiombic  crystals  containing  ten  molecules  of  water,  which  effloresce  in 
dry  air.  It  is  soluble  in  water  most  freely  at  38®  C.  (100.4**  F.).  Its 
solutions  have  an  alkaline  reaction.  When  the  crystals  are  calcined 
at  a  dull  red  heat  they  disintegrate,  give  off  their  water  of  crystalliza- 
tion, and  form  a  white  powder,  the  sodii  carbonas  ezsiccata  of  the 
U.  S.  P.,  Br.  One  hundred  parts  of  HjO  dissolve  10  parts  of  this 
anhydrous  carbonate  at  o**  C.  (32*^.),  and  138  parts  at  38®  C.  (100.4^  F.). 

Hydrogen  sodium  carbonate,  acid  sodium  carbonate,  sodium 

bicai1>onate,  sodii  bicarbonas  (U.  S.  P.,  Br.),  NaHCO,,  is  found  in 

many  mineral  waters.    It  is  produced  by  the  ammonia  process  described 

above,  and  by  the  action  of  carbon  dioxide  upon  sodium  carbonate. 

Na,CO,  +  CO,  +  H,0  -  aNaHCO,. 

It  forms  small,  rectangular  prisms,  which  are  anhydrous,  but  dissolve 
in  ten  or  eleven  parts  of  water.  Its  solutions  are  nearly  neutral  to 
test-paper.  By  heating  the  solid,  or  boiling  its  solutions,  it  gives  off 
carbon  dioxide  and  is  converted  into  the  carbonate. 

Sodium'  Phosphates. — These  are  three  in  number.  They  are 
less  soluble  and  crystallize  more  easily  than  the  potassium  salts  of 
phosphoric  acid. 

The  tri-sodium  phosphate,  or  basic  phosphate,  NajP04.i2H,0,  is 
made  by  saturating  one  molecule  of  phosphoric  add  with  three  mole- 
cules of  sodium  hydroxide.  It  crystallizes  in  six-sided  prisms,  and 
is  soluble  in  5.1  {KUts  of  water  at  15.5*^  C.  (59.9**  F.).  Its  solution 
is  alkaline  to  test-paper. 

Hydrogen  disodium  phosphate,  disodium  phosphate,  neu- 
tral sodium  phosphate,  sodii  phosphas  (U.  S.  P.,  Br.),  Na^HPO^.- 
12H2O,  is  more  stable  than  the  other  phosphates,  and  is  the  one  gen- 
erally employed  in  medicine  and  in  laboratories.  It  may  be  prepared 
by  treating  phosphoric  acid  with  sodium  hydroxide  to  feeble  alkaline 
reaction.  Below  30®  C.  (86®  F.)  it  crystallizes  in  large,  rhombic  prisms 
with  12  aq.;  at  33*^  C.  (91.4®  F.)  it  crystallizes  witii  7  aq.  The  salt 
with  12  aq.  effloresces  in  air,  losing  5  aq.;  that  with  7  aq.  does  not. 
Both  are  freely  soluble  in  water  and  show  a  faintly  alkaline  reaction. 
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Liquor  sodii  phosphatis  comp.  is  a  clear  solution  containing  loo 
per  cent,  of  HNa^O^ .  H3O,  4  per  cent,  of  NaNO^  and  13  per  cent 
of  citric  acid. 

Sodii  phosphas  effervescens  is  official  in  the  B.  P. 

Monosodium  phosphate,  acid  sodium  phosphate,  NaH3P04.- 
H^O,  crystallizes  in  liiombic  prisms  with  one  molecule  of  water  and  is 
acid  in  reaction.  At  100**  C.  (212*^  F.)  it  loses  its  water  of  crystal- 
lization, and  at  about  250°  C.  (482^  F.)  forms  sodium  pyrophos- 
phate, sodii  pyrophosi^ias  (U.  S.  P.),  Na^PjOy .  10H3O.  It  occurs 
as  colorless,  translucent  prisms,  permanent  in  the  air,  and  having  a 
slightly  alkaline  reaction.  It  is  soluble  in  twelve  parts  of  water  and 
insoluble  in  alcohol.  When  NaH^PO^  is  heated  it  forms  at  first  the 
acid  pjrrophosphate : 

aNaHJPO,  -  NaAPA+  H,0. 

When  heated  to  a  bright  red  heat  the  metaphosphate,  NaPO„  is 
formed. 

NaHJPO^  -  NaPO,  +  H,0. 

The  pyrophosphates  are  not  precipitated  by  ammoniiun  molybdates, 
but  are  precipitated  by  uranium  acetate. 

Sodium  nitrate,  Chili  saltpeter,  sodii  nitras  (U.  S.  P.),  NaNO,, 
is  found  native  in  extensive  deposits  in  Peru  and  Chili.  It  crystallizes 
in  rhombohedra,  which  closely  resemble  cubes;  hence,  it  is  called 
cubic  saltpeter.  It  is  deliquescent,  and  is,  therefore,  not  adapted 
for  the  manufacture  of  gunpowder.  It  has  a  cooling,  saline,  some- 
what bitter  taste.  It  is  more  readily  soluble  in  water  than  potassium 
nitrate,  which,  in  other  respects,  it  quite  closely  resemblesi  It  is  used 
in  the  manufacture  of  nitric  acid,  and  also  as  a  fertilizer. 

Sodium  Borates. — Six  are  known.  The  only  one  of  importance 
is  the  disodium  tetraborate,  sodium  pjrroborate,  borax,  tincal, 
sodii  boras  (U.  S.  P.),  NajB^O^ .  loHjO,  which  is  found  native  in 
some  of  the  lakes  of  Thibet,  from  which  country  it  was  formerly  im- 
ported.   The  principal  source  now  is  the  borax  lake  in  California. 

It  may  be  prepared  artificially  by  boiling  boric  add  with  sodium 
carbonate.  Boric  acid  is  found  in  the  lagoons  of  Tuscany.  This  is 
its  present  source.  Borax  crystallizes  in  large,  hexagonal  prisms, 
with  ten  molecules  of  H^O,  or  in  regular  octahedra  with  sHjO.  The 
former  variety  effloresces  in  dry  air;  the  latter  is  permanent.  Both 
dissolve  in  sixteen  parts  of  cold  and  0.5  part  of  boiling  water,  forming 
a  solution  that  has  a  feebly  alkaline  reaction.  Upon  heating,  both  salts 
pufif  up  considerably,  lose  their  water,  and  form  a  white,  porous  mass 
(burned  borax),  which  finally  fuses  to  a  transparent  glass.  In  tue 
fused  state  it  will  dissolve  many  metallic  oxides,  forming  dear  glasrv^. 
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which  often  show  a  characterisdc  color  on  cooling;  thus,  copper  oxide 
mves  a  blue  and  chromic  oxide  an  emerald-green  glass.  Borax  is  used 
m  this  way  as  a  blowpipe  test  for  certain  metals. 

It  is  this  property  of  dissolving  oxides  of  the  metab  that  renders 
borax  useful  in  welding  and  soldering  metals.  In  these  operations  it 
is  used  to  remove  the  oxide,  or  rust,  from  the  surfaces  of  the  metab 
to  be  united. 

Sodium  Hypochlorite.—NaClO.  An  aqueous  solution  of  this 
salt  occurs  mixed  with  NaCl  and  NaCO,  in  liquor  sodm  dhlorinaUe 
(U.  S.  P.,  Br.),  Labarraque's  solution.  It  may  be  prepared  by 
decomposing  a  solution  of  chlorinated  lime  with  sodium  carbonate. 

CaOjCl,  +  CaCl,  +  2Na,CO,  -  aNaCl  +  aNaClO  +  aCaCO^ 

The  official  solution  contains  sodium  hypochlorite,  sodium  chloride, 
and  sodium  carbonate. 

To  make  a  liter  of  the  solution,  75  gm.  of  chlorinated  lime  are 
triturated  well  with  about  400  c.c.  of  water,  the  solution  filtered,  and 
the  residue  washed  with  100  c.c.  of  cold  water.  To  this  solution  is 
then  added  a  solution  of  150  gm.  of  sodium  carbonate  in  300  c.c.  of 
hot  water.  The  turbid  mixture  may  then  be  filtered,  or  set  aside  to 
allow  the  CaCO,  to  settle,  and  the  clear,  supernatant  liquid  decanted 
oflF.  It  is  a  pale-greenish,  alkaline  liquid,  with  an  astringent  taste  and 
faint  odor  of  chlorine.  It  decolorizes  a  solution  of  indigo,  and  sets 
iodine  free  from  solutions  of  potass,  iodide,  acidulated  with  HCl.  HCl 
decomposes  it  with  evolution  of  chlorine.  The  solution  should  be 
kept  in  well-stoppered  bottles,  and  protected  from  the  light  to  prevent 
too  rapid  deterioration.  It  should  contain  2.4  per  cent,  by  weight  of 
available  chlorine.  It  yields  up  its  chlorine  readily,  thus  acting  as  an 
efficient  disinfecting  and  deodorizing  agent. 

Sodium  chlorate,  sodii  chloras  (U.  S.  P.),  NaC10„  may  be  made 
by  a  double  decomposition  between  KCIO3  and  sodium  bitartrate, 
NaHC^H^Oe,  forming  cream  of  tartar,   KHC^H^O,,  and  NaClOj. 

Sodii  benzoas  (U.  S.  P.,  Br.),  NaCyHjO,,  b  made  by  adding 
benzoic  add  to  a  solution  of  sodium  bicarbonate  as  long  as  effervescence 
continues. 

HQHjO,  +  NaHCO,  «  NaQH.O,  4-  CO,  +  H,0. 

It  b  a  white  powder,  having  a  very  faint,  benzoin-like  odor,  and  a 
sweet  astringent  taste.    It  is  used  as  an  antifermentative  agent. 

Sodii  arsenas  (U.  S.  P.,  Br.),  NajHAsO^ .  yHjO,  is  made  by 
heating  to  fusion  arsenous  acid,  with  dry  sodium  carbonate  and 
sodium  nitrate.  •  Pyroarsenate  of  sodium  is  formed,  which  is  (inverted 
into  sodium  arsenate  when  dissolved  in  water. 

Sodii  arsenas  exsiccatus  b  also  official 
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Sodii  Phenolsulphonas  (U.  S.  P.),  Sodii  Sulphocarbolas  (Br.). 
— NaS03CeH40H.  When  crystallized  carbolic  add  is  dissolved  in 
strong  sulphuric  acid,  sulphocarbolic  add  is  formed.  When  this  is 
treated  with  barium  carbonate,  sulphocarbolate  of  barium  is  formed 
in  solution.  If  this  solution  is  now  treated  with  sodium  sulphate,  a 
precipitate  of  barium  sulphate  will  form,  and  sulphocarbolate  of 
sodium  may  be  crystallized  out  from  the  solution. 

Sodii  acetas  (U.  S.  P.),  NaCjHaOj .  3HaO,  may  be  made  by 
neutralizing  acetic  add  with  bicarbonate  of  sodium. 

NaHCO,  +  HC^O,  -  NaC^O,  +  CO,  +  H,0. 

Sodii  Salicylas  (U.  S.  P.))  NaQH^Op  is  a  colorless,  or  faint 
pinkish,  soluble  powder. 

POTASSTOH  (KaUum). 

Occurrence. — This  metal  is  found,  prindpally  as  silicates,  widely 
distributed  in  rocks  and  minerals.  By  the  action  of  the  atmosphere 
and  other  influences,  these  silicates  gradually  decompose,  the  potas- 
sium passes  into  the  soil  and  is  absorbed  by  the  plants,  from  the  ashes 
of  which  it  may  be  obtained.  The  chloride  and  sulphate  are  also  found 
in  sea-water,  and  in  large  deposits,  mixed  with  other  chlorides.  Sylvite, 
KCl,  and  camallite,  KCl .  MgCb  .  6H,0,  are  mined  in  Stassfurt, 
Germany,  as  a  source  of  potassium  salts. 

Preparation  and  Properties. — It  may  be  prepared  by  caldning  an 
intimate  mixture  of  the  carbonate  with  carbon. 

K,CO,  -H  C,  -  K,  +  3CO. 

Such  a  mixture  may  be  made  by  heating  organic  potassium  salts,  as 
crude  tartar,  to  redness.  It  may  also  be  prepared  by  heating  to  a 
white  heat  a  mixture  of  KOH  with  metallic  iron: 

4KOH  4-  3Fe  -  Fe,0,  +  2H,  +  2K,. 

It  is  now  manufactured  by  subjecting  fused  KOH  to  a  strong  electrical 
current,  which  liberates  tiie  potassium  and  hydrogen  at  the  negative 
pole  and  the  oxygen  at  the  positive  pole: 

2KOH  -  K,  +  H,  +  O,. 

This  method  has  been  perfected  by  Castner  and  made  available  as  a 
manufacturing  process. 

Properties. — ^Potassium  is  a  silver-white,  lustrous  metal,  brittle  at  0° 
C.  (32*^  F.),  waxy  at  15°  C.  (59**  F.),  fuses  at  62^  C.  (143.6®  F.),  and  distils 
at  a  red  heat.  Spedfic  gravity  at  15®  C.  (59®  F.)  =  0.865.  ^ts  afi&nity 
for  oxygen  is  such  that,  if  it  be  exposed  to  the  air,  it  tarnishes  at  once. 
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It  decomposes  water  or  ice  with  great  energy,  with  the  fonnation  of 
potassium  hydroxide  and  the  liberation  of  hydrogen,  which  is  ignited 
by  the  high  temperature  caused  by  the  reaction.  It  combines  directly 
and  energetically  with  the  halogens,  sulphur,  phosphorus,  arsenic,  anti- 
mony, and  tin. 

HALOOEK  COMPOUUDS. 

The  haloid  salts  of  potassium  may  be  formed  by  direct  union  of 
the  haloids  with  the  metal,  or  by  saturating  the  hydroxide  or  carbonate 
with  one  of  the  haloid  adds.  They  all  have  a  bitter,  salty  taste,  are 
freely  soluble  in  water,  and  crystallize  in  cubes.  They  fuse  easily,  and 
are  somewhat  volatile  at  high  temperatures. 

Potassium  chloride,  KCl,  pccurs  native,  either  pure  or  mixed  with 
other  chlorides.  At  Stassfurt  it  is  found  in  large  deposits,  as  sylvite 
and  camallitey  which  deposits  form  the  chief  source  of  the  potassium 
compounds. 

The  chloride  crystallizes  in  anhydrous  cubes,  of  sp.  gr.  1.84,  closely 
resembling  common  salt.  One  hundred  parts  of  water  dissolve  30 
parts  at  cP  C.  (32®  F.),  and  0.2738  part  more  for  every  degree  of  increase 
in  temperature. 

Potassium  bromide,  potassii  bromidum  (U.  S.  P.,  Br.),  KBr, 
is  generally  obtained  by  dissolving  bromine  in  a  hot  solution  of  potassium 
hydroxide;  the  bromate  also  produced  in  the  reaction  is  converted 
into  bromide  by  calcining  the  product  with  charcoal. 

3Br,  +  6KOH  -  sKBr  +  KBrO,  +  3H,0. 
SKBr  +  KBrO,  +   C,  -  6KBr  +  3CO. 

It  may  also  be  prepared  by  acting  upon  ferrous  bromide  with  potas- 
sium carbonate. 

FeBr,  -f  K,CO,  -  FeCO,  +  2KBr. 

It  has  the  general  properties  of  the  other  haloid  salts,  and  is  used  in 
photography  and  in  medidne. 

Potassium  iodide,  potassii  iodidum  (U.  S.  P.,  Br.),  KI,  may 
be  prepared,  like  the  preceding,  by  using  iodine  instead  of  bromine, 
or  by  using  ferrous  iodide  instead  of  bromide.  It  crystallizes  in  large, 
white,  translucent  cubes,  salty  in  taste  and  permanent  in  the  air.  It 
dissolves  to  the  extent  of  100  parts  in  73.5  parts  of  water  at  ordinary 
temperatures.  Its  aqueous  solution  dissolves  iodine  in  large  quantities, 
forming  the  liquor  iodi  compositus  (U.  S.  P.).  It  also  dissolves  many 
other  metallic  iodides,  to  form  double  iodides.  Its  medidnal  effects  are 
those  of  iodine.  When  employed  in  chronic  poisoning  by  lead  or 
mercury,  it  is  supposed  to  unite  with  the  metals  in  the  blood  or  tissues 
to  form  soluble  iodides,  and  thus  pass  them  out  by  the  urine. 

Unguentum  iodi  (U.  S.  P.,  Br.)  contains  4  gm.  iodine  and  1  gm. 
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KI  to  loo  of  ointment.  Ung.  potassii  iodidi  (U.  S.  P.,  Br.)  contains 
twelve  and  ten  per  cent.,  respectively,  of  KI. 

Potassium  Fluoride. — KP.  Its  aqueous  solution  attacks  glass. 
It  combines  with  HF  to  form  the  double  halide  KF .  HF.  Is  not  of 
much  importance  to  the  medical  or  pharmaceutical  student. 

Potassium  cyanide,  potassii  cyanidum  (U.  S.  P.,  Br.),  KCN 
(KCy),  may  be  obtained  either  by  saturating  potassium  hydroxide  with 
hydrocyanic  add  or  by  fusing  potassium  ferrocyanide.  It  is  a  white, 
amorphous,  deliquescent  mass,  easily  fusible,  and  smelling  of  cyanogen. 
Its  solution  is  very  poisonous.  Its  effects  upon  the  economy  are  un- 
certain, but  are  probably  those  of  hydrocyanic  add.  In  case  of  poison- 
ing by  it,  the  stomach  should  be  evacuated  and  the  antidotes  of  hydrocy- 
anic add  given. 

Potassium  ferrocyanide,  potassii  ferrocyanidum  (U.  S.  P.), 
K^Fe{CS)^ .  3H3O,  yellow  pnissiate  of  potash,  is  an  important 
commercial  product,  manufactured  on  a  la^e  scale  by  fusing  nitrog- 
enous animal  matter  (horns,  hoofs,  leather  scraps,  etc.),  in  a  clos«l 
crudble  with  potassium  carbonate  and  iron  filings,  treating  the  fused 
mass  with  water,  and  crystallizing.  The  salt  is  thus  obtained  in  large, 
yellow,  tabular  crystals.  It  is  used  in  dyeing,  in  preparing  certain 
pigments,  and  as  a  source  of  all  the  other  cyanogen  compounds.  By 
simple  fusion  potassium  cyanide,  KCy,  is  prepared. 

K^FcCye  -  4KCy  +  FeC,  +  N^ 

From  a  solution  of  the  salt  various  other  ferrocyahides  are  prepared  by 
predpitation.  Of  these,  Prussian  blue  (ferric  ferrocyanide)  is  pre- 
pared by  adding  some  ferric  salt  to  a  solution  of  potassium  ferro- 
cyanide. It  is  used  as  a  pigment  and  as  a  medidne.  With  a  fer- 
rous salt  the  predpitate  is  white,  but  quickly  becomes  blue  by  oxidation. 
This  test  serves  to  distinguish  ferrous  from  ferric  salts.  With  cupric 
salts  it  gives  a  reddish-brown  predpitate,  Cu^FeCy,. 

Ferricyanides. — By  passing  chlorine  through  a  solution  of  K^FeCy, 
a  compound  is  formed  in  which  the  iron  of  the  radical  is  tetrad  and  the 
radical  itself  becomes  hexad.  K,(Fe,Cyi^^.  On  evaporating  we 
obtain  dark-red  crystals  of  potassium  ferricyanide,  or  red  pnissiate ' 
of  potash.  With  ferrous  salts  a  solution  of  this  salt  gives  a  deep-blue 
predpitate  of  ferrous  ferricyanide,  FejFe,Cyi„  Tumbull's  blue.  Ferric 
salts  give  no  predpitate  or  coloration,  and  thus  we  distinguish  ferric 
from  ferrous  salts. 

Ferric  ferrous  cyanide  —  Prussian  blue. 
Ferrous  ferric  cyanide  >-  Tumbull's  blue. 
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POTASSIUM  AHD  OXTGEK. 

Potassium  oxide,  K^O,  results  from  the  direct  oxidation  of  potas- 
sium, by  simply  exposing  thin  strips  of  the  metal  to  dry  air,  or  by  the 
action  of  potassium  upon  the  hydroxide. 

2KOH  +  K,  -  2K,0  +  H,. 

It  is  a  white,  deliquescent,  caustic  powder,  uniting  readily  with  water 
to  form  the  hydroxide. 

Potassium  Peroxide— K^Oa  is  obtained  as  a  yellow  powder  on 
heating  the  metal  with  an  excess  of  oxygen.  Its  properties  are  similar  to 
those  of  Na,0,. 

Potassium  hydroxidey  potassium  hydrate,  caustic  potash, 
potassii  hydroxidum  (U.  S.  P.),  potassa  caustica  (Br.),  KOH,  is 
prepared  by  the  reaction  of  potassium  carbonate  upon  calcium 
hydroxide  (slaked  lime). 

K,CO,  +  Ca(OH),  -  CaCO,  +  3KOH. 

After  these  substances  have  been  boiled  together,  the  precipitate  is 
allowed  to  settle.  It  is  now  made  by  the  electrolysis  of  the  chloride, 
using  mercury  as  the  cathode,  with  which  the  potassium  forms  an 
amalgam.  The  amalgam  acts  upon  the  water  present  to  form 
KOH.  The  clear  liquid  is  then  evaporated,  and  the  residue  fused 
in  a  silver  dish.  Tlie  fused  mass  is  then  cast  into  sticks.  To 
render  it  purer  it  is  dissolved  in  alcohol,  the  solution  evaporated  to 
dr3mess,  die  residue  again  melted  and  cast  in  silver  molds.  This 
product  is  potash  by  alcohol,  and  is  nearly  free  from  the  chloride 
and  other  potassiiun  salts.  It  is  a  white,  opaque,  brittle  solid,  usually 
met  with  in  the  form  of  cylindrical  sticks,  but  sometimes  in  lumps. 
It  has  a  sp.  gr.  of  3.1.  It  fuses  quite  easily,  and,  at  high  temperatures, 
volatilizes  undecomposed.  It  is  freely  soluble  in  water;  less  so  in 
alcohol.  The  solutions  have  a  marked  alkaline  reaction,  saponify 
fats,  and  are  strongly  caustic.  When  exposed  to  the  air  it  absorbs 
water  and  carbon  dioxide,  and  is  changed  into  the  carbonate.  Its 
watery  solution  is  largely  used  as  a  reagent  in  chemical  analysis.  It 
dissolves  chlorine,  bromine,  iodine,  sulphur,  and  phosphorus.  It 
decomposes  the  ammoniacal  salts,  liberating  ammonia;  it  also  de- 
composes the  salts  of  many  of  the  metals,  with  the  formation  of  a 
potassium  salt  and  a  hydroxide  or  oxide  of  the  metal. 

Liquor  potassii  hydroxidi  (U.  S.  P.)  is  a  five  per  cent,  aqueous 
solution  of  potassium  hydroxide.  The  B.  P.  solution  contains  5.85 
per  cent. 

POTA^XUM  AHD  SULPHUR. 

Five  sulphides  of  potassium  are  known:  K2S,  K2S2,  K^S),  K^S^,  and 
XjS^;  also  a  sulphydrate,  KSH.    The  last  of  these  is  the  only  one  of 


234  MEDICAL  CHEMISTRY. 

importance.    It  is  prepared  by  the  action  of  hydrogen  sulphide  upoo 
potassium  hydroxide. 

KOH  +  H,S  -  KSH  +  H,0. 

The  pentasulphide,  liver  of  sulphuTi  potassa  sulphurata 
(Br.),  KjSfti  is  obtained  by  fusing  potassium  carbonate  with  an  excess 
of  sulphur.  It  decomposes  readily,  and  when  treated  with  mineral 
adds  it  gives  off  hydrogen  sulphide.  It  is  a  liver-brown  solid 
becoming  lighter  on  the  surface.  It  has  an  alkaline,  acrid  taste,  and 
gives  off  HjS. 

POTASSIUM  SALTS. 

Potassium  Chlorate,  Potassii  Chloras  (U.  S.  P.,  Br.).—KC10,. 
When  a  hot,  concentrate!  solution  of  potassium  hydroxide  is  treated 
with  chlorine  gas,  the  following  reaction  occurs: 

6KOH  +  3CI,  -  5KCI  +  KCIO,  +  3H,0. 

It  is  usually  made  by  the  action  of  chlorine  upon  a  mixture  of  cal- 
cium hydroxide  and  potassium  chloride.  By  this  method  a  double 
reaction  takes  place.    Calcium  chlorate  is  first  formed. 

6Ca(OH),  +  6C1,  -  sCaCl,  +  Ca(C10,),  +  6H,0. 

This  then  reacts  with  the  potassium  chloride  as  follows: 

Ca(C10,),  +  2KCI  -  2KCIO,  +  CaCly 

The  hot  solution  is  rapidly  evaporated  and  the  residue  purified  by 
recrystallization.  It  crystallizes  in  shining,  transparent  plates  of  the 
monoclinic  system.  Soluble  in  16.7  parts  of  water  at  15**  C.  (59®  F.); 
soluble  with  difficulty  in  alcohol.  It  is  cooling  and  astringent  to  the 
taste,  fuses  at  234®  C.  (435"*  F.),  and  above  352®  C.  (665.6®  F.)  it  is 
decomposed,  giving  up  a  portion  of  its  oxygen  and  changing  to  the 
perchlorate,  KCIO^,  which  at  higher  temperatures  decomposes  into 
oxygen  and  potassium  chloride.  As  it  gives  up  oxygen  easily,  it  serves 
as  a  valuable  oxidizing  agent  and  as  a  means  of  preparing  this  gas. 
Mixed  with  readily  oxidizable  substances,  as  carbon,  sulphur,  phos- 
phorus, sugar,  tannin,  resins,  etc,  the  mixtures  explode  when  heated 
or  subjectwi  to  a  sudden  shock.  The  igniting  material  with  which 
parlor-matches  are  tipped  consists  of  antimony  sulphide  and  potassium 
chlorate.  When  rubbed  upon  a  surface  coated  with  red  phosphorus 
they  ignite. 

Potassium  hypochlorite^  liq.  potassaB  chlorinate  (N.  F.),  KCIO, 
is  formed  by  the  action  of  chlorinated  lime  upon  a  cold  solution  of 
potassium  carbonate.  ^ 

It  can  only  be  obtained  in  aqueous  solutions.  If  the  solution  be 
evaporated,  the  salt  splits  up  into  chloride  and  chlorate. 

3KCIO  -  2KCI  +  KCICV 
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When  treated  with  acids,  it  yields  free  chlorine  and  bleaches  strongly. 
The  ordinary  solutions  used  in  bleaching  are  solutions  of  potassium 
hypochlorite  and  chloride,  and  are  known  as  Javelle  water. 

Potassium  nitratei  niter,  saltpeter,  potassiinitras  (U.  S.  P.,  Br.), 
KNO„  exists  native,  and  is  produced  artificially  whenever  nitrog- 
enous organic  substances  decay  in  the  presence  of  potassium  carbon- 
ate. Upon  the  so-called  saltpeter  plantations,  manures  and  various 
animal  refuse  are  arranged  in  layers,  with  wood-ashes  and  lime,  in  large 
heaps,  and  submitted  to  the  action  of  the  air  and  moisture  for  two  or 
thr^  years,  whereby,  from  the  slow  oxidation  of  the  nitrogen  under 
the  influence  of  nitrifying  organisms,  nitrates  of  potassium  aiKl  calcium 
are  produced.  The  contents  of  the  heaps  are  then  lixiviate  with 
water,  which  dissolves  the  potassium  and  calcium  nitrates.  Potassium 
carbonate  is  added  to  the  solution  to  convert  the  last  salt  into  potas- 
sium nitrate. 

Ca(NO,),  +  KjCO,  -  CaCO,  +  2KNO,. 

The  calcium  carbonate  is  filtered  off  and  the  solution  evaporated  and 
allowed  to  crystallize.  Another  method,  and  probably  the  one  most 
frequently  employed  at  present,  consists  in  the  decomposition  of  soditun 
nitrate  (Chili  saltpeter)  by  means  of  potassium  carbonate  or  chloride. 
NaNO,  +  KCl  -  NaCl  +  KNO^ 

U  crystallizes  in  large,  six-sided,  rhombic  prisms.  One  hundred  parts 
of  water  dissolve  244  parts  of  the  salt  at  100®  C.  (212®  F.),  but  at  o® 
C.  (32^  F.)  only  13  parts.  It  fuses  at  353**  C.  (667®  F.).  Below  a  red 
heat  it  decomposes  into  oxygen  and  potassium  nitrite,  KNO,. 

The  readiness  with  which  it  gives  up  its  oxygen,  when  heated  in  the 
presence  of  an  oxidizable  substance,  makes  it  a  valuable  oxidizing 
agent. 

Gunpowder  is  a  granular  mixture  of  potassium  nitrate,  sulphur,  and  charcoal  in 
such  proportion  that  the  nitrate  contains  all  the  oxyeen  necessary  for  the  combustion 
of  the  sulphur  and  charcoal.  The  following  equation  expresses  approximately  the 
decomposition  caused  by  the  burning  of  powder: 

aKNO,  +  S  +  3C  -  K^  +  3CO,  +  N^ 

The  effect  produced,  therefore,  depends  upon  the  disengagement  of  carbon  diox- 
ide and  nitrogen,  the  volume  of  which  gases  is  almost  100  tunes  greater  than  that  of 
the  powder.  The  heat  of  the  combustion  further  expands  the  gases  at  the  time  of 
the  explosion. 

Potassium  carbonate,  pearlash,  potassii  carbonas  (U.  S.  P., 
Br.),  K,CO„  exists  in  mineral  waters,  in  the  animal  economy, 
and  as  the  principal  ingredient  of  wood-ashes.  Plants  absorb 
potassium  salts  from  the  earth  and  convert  them  into  salts  of 
the  organic  acids.  When  the  plants  are  burned  the  organic  acids  are 
destroyed  and  potassium  carbonate  is  produced,  which  is  obtained  by 
16 
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the  lixiviation  of  the  ashes  and  evaporation.  This  method  is  not 
much  employed  at  present.  The  immense  deposits  in  Stassfurt  and 
Galida  afford  an  almost  inexhaustible  supply  of  potassium  salts. 
It  occurs  conunerdally  as  a  white,  granular,  deliquescent  powder, 
freely  soluble  in  water,  the  solution  having  a  caustic  taste  and  an  alka- 
line reaction. 

Potassium  carbonate  is  largely  made  from  the  native  chloride  by 
electrolysis.  The  resulting  hydroxide  is  treated  with  CO,  to  convert 
it  into  the  carbonate. 

Potassium  bicarbonatey  acid  potassium  carbonate,  potassii 
bicarbonas  (U.  S.  P.,  Br.). — KHCO,.  When  carbon  dioxide  is 
passed  through  a  concentrated  solution  of  potassium  carbonate,  it 
is  absorbed  and  potassium  bicarbonate  is  produced. 

KjCO,  +  H,0  4-  CO,  -  2KHCO,. 

This  salt  crystallizes  in  oblique,  rhombic  prisms  of  the  monoclinic 
system.  It  dissolves  in  three  to  four  parts  of  water:  the  solution  is 
faintly  alkaline,  but  not  caustic.  The  substance  that  is  still  exten- 
sively used  in  some  parts  of  the  country  in  baking,  under  the  name  of 
saleratus,  is  this,  or  the  corresponding  sodium  salt. 

Potassium  sulphate,  dipotassium  sulphate,  potassii  sul- 
phas (U.  S.  P.,  Br.),  KjSO^,  is  found  in  the  Stassfurt  mines,  in  plant- 
ashes,  and  in  solution  in  mineral  waters.  It  is  obtained  by  the  action 
of  sulphuric  add  upon  potassium  chloride,  as  a  by-product  in  some 
chemical  manufacturing  processes. 

2KCI  +  H^SO^  -  K,SO^  +  2HCI. 

It  crystallizes  without  water  in  small,  rhombic  prisms,  of  a  bitter, 
salty  taste,  and  is  soluble  in  ten  parts  of  water  at  ordinary  tem- 
peratures. 

Hydropotassium  sulphate,  acid  potassitun  sulphate,  potas- 
situn  bisulphate,  KHSO4,  is  formed  as  a  by-product  in  the  manu- 
facture of  nitric  add  from  potassium  nitrate;  oystallizes  in  large, 
rhombic  plates,  and  is  very  readily  soluble  in  water.  At  about 
200°  C.  (392®  F.)  it  fuses,  loses  water,  and  is  converted  into  the 
pyrosulphate,  EljSjOy. 

Sulphites.— Three  are  known:  KjSOj,  KHSO«  and  K,S,0,. 

Potassium  sulphite,  neutral  potassium  sulphite,  K^O,.  This  sah  ciystal- 
lizes  in  oblique  rhombic  octahedra,  which  dissolve  readily  in  water  and  have  a 
sulphurous  odor.  When  its  solution  is  exposed  to  the  air,  it  absorbs  oxygen,  and  the 
salt  is  converted  into  the  sulphate. 

Potassium  dichromate,  potassii  dichromas  (U.  S.  P.),  K:,Cr,Oy,  commer- 
cially known  as  the  red  chromate  of  potash,  and  often  called  the  add  potassium 
chromate,  is  obtained  by  igniting  pulverized  chromite,  Cr^O^FeO,  with  potas- 
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slum  carbonate  and  nitrate,  forming  potassitun  chromate  and  ferric  oxide.  The. 
potassium  chromate  is  dissolved  out  with  water,  and  nitric  or  acetic  add  added' 
to  the  solution,  from  which  potassium  dichromate  crystallizes.  It  forms  large,, 
red  prisms,  soluble  at  ordinary  temperatures  in  ten  parts  of  water.  When  it  is, 
wanned  with  sulphuric  acid,  oxygen  escapes  and  chromic  oxide  is  produced;  andt 
on  standing,  potassium  chrome  alum  is  formed. 

K,Cr,0,  +  4H,SO^  -  K^SO^ .  Cr,(SOJ,  +  O,  +  4H,0. 

When  potassiimi  dichromate  is  heated  alone,  it  gives  ofiF  oxygen. 

aKJCrfij  -  aKaCrO^  +  Cr,0,  +  O, 

When  heated  with  HCl,  it  gives  off  chlorine. 

KaCr.O,  +  14HCI  -  2KCI  +  Cr,Cle  +  7H,0  +  aCl^ 

It  will  be  seen  from  these  reactions  how  it  may  be  utilized  as  an  oxidizing  agent 

A  mixture  of  H^04  and  KjCrfi^  is  employed  in  laboratories'for  oxidizing  pur- 
poses. 

Barium  chromate,  BaCrO^,  and  lead  chromate,  PbCrO^,  are  used  as  yellow 
pigments,  the  former  under  the  name  of  yellow  ultramarine  and  the  latter  as 
orange  chrome  or  chrome  yellow, 

Potassiiuii  chromate,  K^CrO^,  occurs  as  lemon-yellow  crystals.  It  is  soluble 
in  water,  giving  a  yellow  solution.  It  is  prepared  by  adding  a  solution  of  KOH  to 
one  of  Kj/Crfiif  evaporating  and  crystallizing.  It  is  used  as  an  indicator  in  the 
volumetric  estimation  of  chlorine. 

Potassium  permanganate,  potassii  permanganas  (U.  S.  P.,  Br.),  K^n,Og 
or  KMnO^,  is  precipitated  from  solutions  of  potassium  manganate  by  acids,  in  dark- 
red,  rhombic  prisms.  It  is  made  by  boiling  a  mixture  of  potassium  hydroxide, 
[)otassium  chlorate,  and  manganese  cuoxide  with  water,  evaporating  to  dryness,  and 
fusing. 

6KOH  +  KCIO,  -f-  3MnO,  -  aKjMnO^  -f-  KCl  +  sUfi. 

A  greenish-colored  mass — potassium  manganate — is  formed.  This  is  dissolved  in 
water,  and  is  then  easily  decomposed  by  an  add  or  a  large  quantity  of  hot  water. 

aK^MnO^  +  3H,0  -  K^nfi^  +  MnO,  +  4KOH  +  11,0. 

Manganese  dioxide  is  predpitated,  and  the  permanffanate  remains  in  solution,  from 
which  it  is  obtained  by  crystallization.  This  salt  has  active  oxidizing  properties, 
and  is  very  largely  used  for  oxidizing  and  destroying  organic  substances.  It  also 
converts  ferrous  into  ferric  salts,  and  is  used  for  the  quantitative  estimation  of  ferrous 
salts  because  of  this  property.  It  is  also  used  to  estimate  organic  matter  in  potable 
waters.     It  is  sometimes  given  internally. 

Cond/s  fluid  is  an  aqueous  solution  of  K^n^O,. 

Potassium  acetate,  potassii  acetas  (U.  S.  P.,  Br.),  KC^HsO^  exists  in  the 
juices  of  plants.  It  is  obtained  by  neutralizing  acetic  acid  with  potassium  carbonate 
or  bicarbonate.  It  crystallizes  in  shining  needles,  is  deliquescent,  and  very  soluble 
in  water. 

Oxalates.— Three  are  known  to  exist:  Potassium  oxalate,  neutral  oxalate, 
K^C^O. .  Aq.  formed  by  saturating  oxalic  add  with  potassium  carbonate.  Hydro- 
TOtassium  oxalate,  monopotassium  oxalate,  binoxalate  of  potash,  KHC^O^. 
Potassiuxii  quadroxalate,  KHQOf .  C^OfH, .  aAq.  A  mixture  of  these  last  two 
salts  is  known  as  salt  of  lemon,  or  salt  of  sorrel,  and  is  used  for  bleaching  straw 
and  to  remove  ink-stains.  In  appearance  it  closely  resembles  Epsom  salt,  and  has 
caused  many  cases  of  oxalic  acid  poisoning  bv  being  taken  by  mistake  for  that  salt. 

Tartrates. — Potassium  tartrate,  soluble  tartar,  neutral  tartrate  of  potash » 
potassii  tartras  (Br.),  K^C^H^Oe,  is  a  white,  crystalline  powder,  very  soluble  in 
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water;  soluble  in  340  parts  of  alcohoL  Hydropotmwaiiin  tartrate,  cream  of 
tartar,  potassu  bitartras  (U.  S.  P.),  potasaii  tartras  acidiu  (Br.),  KHC^H^Oe. 
A  brown-red,  crystalline  crust  is  obtained  from  the  bottoms  and  sides  of  wine-casks 
after  fermentation  has  taken  place.  This  is  known  in  commerce  as  aigol,  or  crude 
tartar,  and  is  composed  in  great  part  of  potassium  bitartrate,  with  tartrate  of  lime 
and  coloring  matter. 

To  extract  the  cream  of  tartar,  the  sagol  is  boiled  with  water  or  heated  in  a 
closed  digester  by  superheated  steam.  The  latter  process  renders  the  calciimi 
tartrate  insoluble  and  separates  it  almost  completely  from  the  cream  of  tartar, 
which  goes  into  solution.  The  solution  thus  obtained  is  allowed  to  cool  and 
crystallize;  the  crystals  are  redissolved  in  hot  water,  treated  with  animal  charcoal 
to  remove  coloring  matters,  filtered,  and  a^ain  crystallized.  The  product  of  this 
process  is  almost  chemically  pure  acid  potassium  tartrate. 

It  crystallizes  in  hard,  opaque,  riiombic  prisms,  veiy  sparingly  soluble  in  water, 
still  less  so  in  alcohol.  Its  solution  is  acid  to  the  taste  and  to  litmus  paper.  It  is 
largely  used  in  baking,  combined  with  sodium  bicarbonate,  the  two  substances 
reacting  upon  each  other  to  form  Rochelle  salt,  with  the  liberation  of  carbon  dioxide. 
Baking  powders  are  extensively  used  at  present,  instead  of  yeast,  for  raising  cake, 
biscuits,  etc.  In  all  of  them  the  action  depends  upon  the  decomposition  of  sodium 
bicarbonate  by  some  salt  having  an  acid  reaction  or  by  a  weak  add. 

In  addition  to  the  bicarbonate,  and  the  starch  added  to  preserve  them,  they 
contain  either  tartaric  acid,  alum,  add  phosphate  of  caldum,  ixr  cream  of  tartar. 

Some  of  the  reactions  that  take  place  in  baking  powders,  to  set  free 
carbon  dioxide,  are  the  foUowing: 

I.    KHC^H,Oe  +  NaHCO,  «  NaKC,H.O,  +  H,0  +  CO^ 
Pouaaum  Sodium         Sodio-pouaaum       Water.    Carbon 

Bitaitrate.        Bicarbonate.  Tartrate.  Dioxide. 

a.    AljCSO^), .  K^O^  +  6NaHCO,  -  K^O^  +  sNaJSO^  +  Al^O,  +  6COy 

Aluminum  PMaarium  Sodium  Pocaaaium        Somum        Ahuninum     Carbon 

Alum.  Bicarbonate.      Sulphate.      Sulphate.       Hydrradde.    Dionde. 

3.    CaH.(PO,),  +  2NaHCO,  «  CaHPO^  +  Na,HPO^  +  2H,0  +  2CO,. 

CaJdum  Sodium         Hvdrocaldum        Sodium  Water.       Carbon 

Add  Phosphate.     Bicarbonate.        Phosphate.       Phosphate.  Dioxide. 

A  good  powder  may  be  made  by  intimately  mixing  two  parts  of  cream  of  tartar 
with  one  of  soditim  bicarbonate,  and  adding  a  little  flour  or  starch. 

Sodium  potassium  tartrate,  Rocheue  salt,  potassii  et  sodii  tartras 
(U.  S.  P.),  Ns^KCfifi^ .  4H,0,  is  prepared  by  boiling  add  potassium  tartrate  with 
sodium  carbonate. 

2KHCflfi^  +  NaaCO,  -  2KNaC^H,Oe  +  CO,  +  H,0. 

It  forms  lai^e  transparent,  prismatic,  slightly  efflorescent  cxystals,  soluble  in  1.4 
parts  of  cold  water;  saline  and  slightly  bitter  to  the  taste,  and  neutral  in  reaction. 
Potassium  antimonyl  tartrate,  tartrated  antimony,  tartar  emetic,  anti- 
monii  et  potasaii  tartras  (U.  S.  P.),  K(ShO)C;afiti  •  H,0,  is  prepared  by  boU- 
ing  a  solution  of  cream  of  tartar  with  antimonous  oxide. 

2HKC4H,Oe  +  Sb,0,  «  2(SbO)KC^H,Oe  +  H,0. 

Its  crystals  are  transparent,  right  rhombic  octahedra,  efflorescing  in  the  air.  It  is 
quite  soluble  in  water,  the  solution  having  a  nauseating,  metallic  taste.  It  is 
poisonous,  and  has  even  caused  death  when  applied  to  the  skin  as  a  local  initant 
and  vesicant. 

Potassii  citras,  KjC  A^r .  H^O,  and  potasaii  dtras  eflferrescens  are  offidaL 


RUBIDIUM  AND  CESITTM. 


339 


Potasritim  suli^iocyaiiate  is  prepared  by  fusing  potassium  ferrocyanide 
and  sulphur  together  and  exhausting  the  fused  mass  with  alcohol.  On  evaporat- 
ing the  alcohol  a  white,  ciystalline  salt  is  obtained,  soluble  in  water,  and  having 
the  formula  KSCy.  The  salt  occurs  in  traces  in  the  saliva.  An  aqueous  solution 
of  this  salt  b  employed  as  a  reagent  for  the  detection  of  ferric  iron,  with  which  it 
gives  a  blood-red  color.    It  gives  no  color  with  ferrous  iron. 

Toxic  Effects  of  the  Sodium  and  Potassium  Compounds. — 

The  action  of  the  hafogien  salts  of  these  metals  is  generally  that  of 
the  combined  chlorine,  bromine,  or  iodine.  The  hydroxides  of  both 
metals,  and,  to  a  lesser  degree,  the  carbonates,  disintegrate  the  tissues 
with  whidi  they  come  in  contact;  hence,  they  possess  powerful  caustic 
properties.  If  taken  internally,  the  hydrondes  are  highly  poisonous, 
causing  death,  like  the  mineral  adds,  either  immediately  by  their 
corrosive  properties,  or,  secondarily,  by  exdting  inflammation  of  the 
gastro-intestinal  mucous  membrane,  with  consequent  thickening  and 
constriction. 

Phy8iologi€al  Action. — ^In  cases  of  poisoning  by  the  caustic  alkalies,  the 
stomach  should  be  evacuated,  and  a  weak  acid,  such  as  diluted  vinegar  or  lemon 
juice,  given  to  neutralize  the  alkali;  or,  it  should  be  saponified  by  the  adminis* 
tration  of  some  oil  or  fat.  The  nitrate  of  these  metals  is  toxic  in  large  doses,  and 
for  it  there  is  no  direct  antidote.  The  alkaline  carbonates  are,  undoubtedly,  of 
considerable  importance  to  the  canyins  on  of  the  normal  functions  of  the  animal 
body.  In  the  first  place,  it  is  exceeoingly  probable  that  some,  at  least,  of  the 
albuminoid  matters  of  the  blood  are  held  in  solution  by  reason  of  its  alkaline  re* 
action,  which  is  largely  given  to  it  by  these  carbonates. 

Secondly,  it  has  been  shown  very  clearly  that  the  alkaline  reaction  of  the  blood 
is^  of  first  importance  to  the  oxidation  processes,  which  are  intimately  connected 
with  the  production  of  animal  heat  and  retrograde  metamorphosis.  It  is  only  in 
the  presence  of  a  free  alkali  that  many  organic  substances  will  unite  with  oxy- 
gen, and  thus  their  decomposition  at  the  temperature  of  the  body  without  an 
alkali  would  be  impossible.  In  proof  of  this,  it  is  known  that,  if  the  free  vegetable 
adds  are  given  thev  will  reappear  in  the  urine,  for  the  most  part,  unchanged;  but 
if  they  are  in  combination  with  the  alkalies  when  given,  they  are  thoroughly  burned 
up  in  the  blood,  and  reapp>ear  as  carbonates.  In  fact,  so  important  are  these  al- 
kaline salts — carbonates  and  phosphates — that  without  them  proteid  bodies  will 
not  support  life. 

The  alkah'ne  carbonates,  when  taken  in  sufficient  quantity,  render  the  urine 
alkaline  in  reaction  and  increase  the  quantity.  The  tartrates,  citrates,  and  ace- 
tates of  soditim  and  potassium  have  a  similar  action  upon  the  economy  to  that  of 
the  carbonates,  into  which  they  are  converted  either  in  the  intestines  or  the  blood. 
A  slightly  more  cathartic  action  is  attributed  to  the  tartrates  than  is  possessed  by 
the  carbonates.    This  action  is  also  shown  by  the  sulphates  and  phosphates. 

RUBIDIUM  AND  CESIUM. 

Rb  =»  85.5.  Cb  —  132.9. 

These  rare  metals  were  discovered  in  i860  by  Bunsen  and  Kirchoff,  by  means 
of  the  spectroscope.  Both  elements  were  named  from  the  color  of  their  lines  in 
the  spectrum  (rubidiiis,  dark  red,  and  CAsius,  sky  blue).    They  occur  in  small 


230  MEDICAL  CHEMISTRY. 

quantities,  widely  distributed,  often  accompanying  potassium.  With  platinum 
chloride  they  form  double  chlorides,  PtCl4 .  2RbCl.  Rubidium  iodide  and  rubidium 
ammonium  bromide  have  been  used  in  medicine. 

Rubidium  iodide,  Rbl,  occurs  as  colorless  crystals,  readily  soluble  in  water, 
and  having  most  of  the  physical  properties  of  potassium  iodide,  for  which  it  is 
substituted  as  a  remedy,  in  doses  of  two  grains  three  times  daily. 

Rubidium  ammonium  bromide,  RbBr  .  3NH4Br,  occurs  as  a  white,  crystal- 
line powder,  readily  soluble  in  water  and  possessing  a  cooling,  saline  taste.  It  has 
been  used  in  epilepsy. 

AMMONIUM  COMPOUNDS. 

Ammonium. — NH^.  This  radical  has  only  a  hypothetical  exist- 
ence, never  having  been  isolated.  It  exists  in  combination  in  the 
ammonium  compounds,  and  in  these  compounds  it  plays  the  r61e  of 
a  positive  ion,  forming  compounds  resembling  those  of  sodium  and 
potassium.  The  oxide  of  this  radical  has  not  been  separated,  but  the 
hydroxide  is  well  known. 

Ammonium  chloride,  ammonium  muriate,  sal  ammoniac, 
ammonii  chloridum  (U.  S.  P.,  Br.),  NH^Cl,  was  formerly  obtained 
by  the  dry  distillation  of  camels'  dung.  At  present  it  is  prepared 
chiefly  by  saturating  the  ammonia-liquor  from  gas-works  with  hy- 
drochloric add,  evaporating  the  solution  to  dryness,  and  subliming 
the  residue  in  iron  vessels.  Prepared  in  this  way,  it  is  a  compact, 
tough,  fibrous  mass,  which  dissolves  in  2.7  parts  cold  and  one  part  boil- 
ing water.  It  crystallizes  from  its  solution  in  small  octahedra  or  cubes, 
of  a  sharp,  salty  taste,  and  a  neutral  reaction.  When  heated,  it  dis- 
sociates into  NH,  and  HCl  without  fusing,  but,  on  cooling,  these  prod- 
ucts recombine  into  ammonium  chloride. 

This  salt  exists  in  minute  quantities  in  the  gastric  juice  of  various 
animals.  The  urine,  saliva,  and  tears  also  contain  some  ammonium 
compound,  which  is  said  to  be  the  chloride. 

Anmionitun  bromide,  ammonii  bromidum  (U.  S.  P.,  Br.),  (NH^)- 
Br,  may  be  prepared  by  direct  combination  of  ammonia,  NH„  and 
hydrobromic  acid,  or  by  decomposing  ferrous  bromide  with  ammo- 
nium hydroxide, 

FeBr,  +  2NH^OH  =  Fe(OH),  +  aNH^Br, 

or  by  subliming  a  mixture  of  potassium  bromide  and  ammonium  sul- 
phate. 

2KBr  +  (NHJjSO^  «  2NH^Br  +  K^O^. 

It  forms  a  white,  crystalline  powder,  or  large  prisms,  which  turn  yellow 
on  exposure  to  the  air,  and  possess  a  saline,  pungent  taste  and  neutral 
reaction.  It  dissolves  in  1.5  parts  of  water,  and  volatilizes  without 
decomposition. 
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Ammonium  iodide,  ammonii  iodidum  (U.  S.  P.)»  (NHJI,  is 
prepared  by  the  action  of  hydriodic  add  upon  ammonia,  or  by  the 
double  decomposition  of  potassium  iodide  and  ammonium  sulphate. 

2KI  +  (NHJ^O^  =  2NHJ  +  K^O,. 

It  may  also  be  prepared  by  adding  ammonia  water  to  a  solution  of 
ferrous  iodide. 

Fel,  +  2NH^OH  -  Fe(OH),  +  2NHJ. 

It  forms  cubic  crystals,  which  are  deliquescent  and  soluble  in  0.6  part 
of  water.  They  decompose  in  the  air,  turning  yellow  and  emitting 
the  odor  of  iodine.  Tinctura  iodi  decolorata  (N.  F.),  or  colorless 
tincture  of  iodine,  is  prepared  by  mixing  equal  volumes  of  compound 
tincture  of  iodine  and  strong  anmionia  water.  It  is  essentially  a  solu- 
tion of  NH4I  and  KI  in  alcohol  and  ammonia  water. 

Ammonium  hydroxide,  NH^OH,  is  believed  to  exist  in  solution 
in  the  ordinary  aqua  ammonite,  although,  when  the  attempt  is  made 
to  isolate  it,  decomposition  ensues.    (See  p.  155.) 

Ammonitun  Carbonates. — Three  are  known.  Anmionitun  car- 
1>onate,  neutral  ammonium  carbonate,  (NHJ^CO,,  may  be  pre- 
pared as  a  crystalline  powder  by  passing  ammonia-gas  through  a  con- 
centrated solution  of  the  sesquicarbonate.  When  exposed  to  the  air,  it 
splits  up  into  anmionia  and  the  acid  carbonate,  NH^HCO,. 

(NHJ,CO,  -  NH4HCO,  +  NHy 

Hydro-anmionitun  carbonate,  acid  ammonium  carbonate, 
NH4HCO,,  is  obtained  when  a  solution  of  ammonium  hydroxide  or 
sesquicarbonate  is  saturated  with  carbon  dioxide.  It  forms  large, 
rhombic  crystals,  which  are  quite  soluble  in  water.  At  60®  C.  (140®  F.) 
it  is  dissociated  into  ammonia  and  carbon  dioxide. 

Ammonium  sesquicarbonate,  sal-volatile,  anmionii  carbonas 
(U.  S.  P.,  Br.),  NH^CO,  +  NH^NHjCO^,  is  the  commercial  car- 
bonate of  ammonia,  and  was  formerly  prepared  by  the  dry  distillation 
of  bones,  horns,  and  other  animal  substances.  It  is  at  present  prepared 
by  heating  a  mixture  of  ammonium  chloride  or  sulphate  with  calcium 
carbonate,  and  condensing  the  volatilized  product.  As  seen  by  the 
formula,  it  is  a  mixture  of  the  acid  carbonate  and  ammonium  carbamate, 
though  probably  when  fresh  it  consists  of  the  pure  neutral  carbonate. 
So  prepared,  it  sublimes  as  a  white,  transparent,  hard  mass,  having 
an  ammoniacal  odor  and  an  alkaline  reaction.  On  exposure  to  the  air, 
it  gives  off  ammonia  and  carbon  dioxide,  and  is  therefore  of  uncertain 
composition.    The  carbonates  of  anmionia  are  very  unstable. 

Ammonium  nitrate,  NH^O„  is  prepared  by  neutralizing  nitric  acid  with 
ammonium  hydroxide  or  carbonate.    It  crystallizes  in  flexible,  six>sided  prisms. 
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without  water;  dissolves  in  0.5  part  water  at  15**  C.  (59®  F.),  and  fuses  at  165* 
C.  (329*=*  F.).  When  heated  to  310^  C.  (410^  F.),  it  decomposes,  with  the  fcmna- 
tion  of  nitrous  oidde,  or  laughing-gas,  and  water. 

(NHJNO,  -  N.O  +  2H,0. 

Ammonium  sulphate,  neutral  ammonium  sulphate,  (NQJ^Of,  may  be 
obtained  by  satiurating  the  ammonia  water  from  gas-works  with  sulphuric  acid, 
separating  the  ciystals  and  recrystallizing.  It  forms  rhombic  crystals,  soluble  in 
two  parts  of  colci  and  one  part  of  hot  water.  At  140^  C.  (284**  F.)  it  fuses,  and 
at  higher  temperatures  it  decomposes  into  ammonia,  nitrogen,  water,  and  anmio- 
nium  sulphite. 

Ammonitun  acetate,  (NHJC^O^  is  formed  when  acetic  add  is  saturated 
with  anunonia  water  or  ammonium  carbonate.  It  is  seldom  seen  except  in  solu- 
tion in  water.  The  aqueous  solution  is  used  in  medicine  as  the  liquor  ammonii 
acetatis,  or  spirit  of  Mindererus,  which  contains  about  seven  per  cent,  of  the 
salt 

Other  salts  in  use  are  the  benzoate,  phosphate,  and  Yalerianate,  all  white, 
crystalline  salts.  The  benzoate,  NH^CyH^Oy  the  saUcylate,  NH^QHsO^  and 
the  valerate^  NH^QILOt,  are  offidaL 

Ammomum  stupnocyanate,  NHfSCy,  is  prepared  by  heating  hydrocyanic 
acid  with  yellow  ammonium  sulphide. 

The  prindpal  interest  attached  to  these  salts  is  their  use  as  tests  for  ferric 
salts,  with  which  they  give  a  blood-red  solution.  The  sodium  salt  is  found  in 
traces  in  human  saliva.  Traces  have  also  been  found  in  normal  urine,  cows' 
milk,  and  in  the  gastric  juice  of  dogs  and  cats. 

Ammonium  sulphide,  (NHJ^,  is  a  white,  crystalline  solid,  formed  by  mix- 
ing dry  hydric  sulphide  and  anmionia  at  a  low  temperature, — 18**  C.  (about  o®  F.). 
It  is  usually  prepared  by  dissolving  sulphur  in  a  solution  of  the  sulphydrate. 
This  solution  dissolves  sulphur  and  the  sulphides  of  arsenic,  tin,  and  antimony, 
and  is  used  in  anal3rsis  for  this  purpose. 

Ammonium  sulphydrate,  NH^SH,  is  prepared  by  saturating  a  solution  of 
anmionium  hydroxide  with  hydrogen  sulphide  (sulphuretted  hydrogen).  It  is 
colorless  at  first,  but  becomes  yellow  on  exposure,  from  decomposition.  It  is  used 
in  laboratories  as  a  reagent  Adds  decompose  both  these  sulphides,  setting  free 
sulphur. 

Action  on  the  Economy. — ^In  large  quantities,  or  by  prolonged 
use,  ammonia  and  its  salts  are  poisonous.  Ammonia,  if  inhaled,  acts 
as  a  severe  irritant  upon  the  air-passages,  causing  dyspnea,  j)ain, 
suffocation,  and  even  death.  The  treatment  in  cases  of  poisoning 
consists  in  neutralizing  the  alkali  with  dilute  acids,  or  in  using  the 
vapor  of  acetic  add  as  an  inhalation.  Two  drachms  of  a  strong  solution 
of  ammonium  hydroxide  have  proved  fatal. 

TESTS  OF  THE  GROUP  OF  ALKALIHE  METALS. 

Flame  Reactions. — Moisten  a  dean  platinum  wire  with  the  solution  of  the 
metallic  salt,  preferably  of  the  chloride,  and  hold  it  in  the  flame  of  a  Bunsen  burner* 
A  bright  yellow  color  of  the  flame  indicates  the  presence  of  sodium. 
A  carmine-red  color  indicates  lithium. 
A  violet  or  lavender  color  indicates  potassium. 
In  the  presence  of  sodium  the  violet  color  is  masked,  but  by  viewing  the  flama 
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through  a  piece  of  cobalt-blue  glass  the  violet  rays  of  the  potassium  may  be  seen, 
while  the  yellow  sodium  rays  are  shut  off. 

Ammonium  salts  give  a  faint  greenish-yellow  color  to  the  flame. 

Wet  Reactions. — The  metals  of  thii  group  are  precipitated  with  difficult 
by  reagents,  as  most  of  their  compounds  are  soluble.  There  is  no  reagent  which 
precipitates  all  of  them. 

1.  Heat  a  small  portion  of  the  solution  in  a  test-tube  with  a  solution  of  NaOH, 
and  while  still  hot  smell  the  vapor  given  off.  Ammonium  confounds  give  off 
NHy  The  vapor  changes  a  moistened  red  litmus  paper  to  blue.  It  gives  a  white 
cknid  of  NH4CI  when  a  glass  rod  wet  with  HCl  is  thrust  into  the  open  end  of  the 
tube. 

2.  Sodium  cobalt  nitrite  solution  precipitates  potassium  salts  from  solutions 
acidified  with  acetic  add  as  a  yellow  precipitate.  The  flame  reactions  are  suffi- 
ciently characteristic  for  Na  and  Li. 


COPPER  (Cuprum). 

Cu»  63.6. 

Occurrence. — This  metal  occurs  in  the  free  state  in  large  masses, 
or  crystallized  in  cubes  and  octahedra.  It  is  found  in  the  vicinity  of 
Lake  Superior,  in  China,  Japan,  Sweden,  and  in  the  Urals.  Its  most 
important  ores  are:  cuprite,  Cu^O,  malachite,  and  azurite  (basic 
carbonates),  chalcocite,  Cu^S,  and  chalcopyrite|  or  copper  pyrites, 
CuFeS,. 

Preparation. — ^The  mixed  copper  ores  are  first  roasted  in  the  air, 
by  which  process  a  portion  of  the  copper,  if  a  sulphide,  is  converted 
into  oxide.  This  is  then  roasted  with  a  silica  flux  and  carbon.  By 
this  process  the  iron  sulphide  is  converted  into  a  silicate,  and  is  drawn 
off  with  the  slag.  After  several  repetitions  of  this  process  the  so-called 
copper-stone  is  obtained.  This  contains  both  the  sulphide  and  the 
oxKle.  By  repeated  roasting  and  heating,  the  copper  oxide  reacts  upon 
the  sulphide,  and  metallic  copper  results.  Some  poor  ores  are  first 
treated  with  sulphuric  add,  and  the  resulting  sulphate  is  then  treated 
with  scrap-iron,  which  precipitates  the  copper  in  the  metallic  state. 
Chemically  pure  copper  is  obtained  by  electrolysis,  or  by  heating  the  pure 
oxide  in  a  stream  of  hydrogen.  This  process  is  now  in  general  use  and  is 
taking  the  place  of  the  older  methods. 

Properties. — G)pper  is  a  red  metal  by  reflected  light,  while  thin 
leaflets  transmit  a  green  light. 

It  is  soft,  ductile,  and  tenacious;  a  good  conductor  of  heat  and  elec- 
tricity; sp.  gr.,  8.914  to  8.952.  In  dry  air  it  undergoes  no  change,  but 
in  moist  air  it  gradually  becomes  coated  with  a  thin  layer  of  green  basic 
carbonate.  When  heated,  it  oxidizes  to  black  cupric  oxide,  CuO. 
Hot  sulphuric,  nitric,  and  hydrochloric  acids  dissolve  it,  with  the  libera- 
tion of  sulphur  dioxide,  nitrogen  dioxide,  and  hydrogen,  respectively. 
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With  organic  adds  it  forms  soluble  salts  in  the  presence  of  air  and 
moisture;  hence,  acid  fruits  should  not  be  kept  in  copper  vessels. 

CUPROUS  COMPOUNDS. 

Of  the  cuprous  compounds,  only  those  with  the  halogens,  sulphur, 
and  oxygen  are  known.  These  are  very  unstable,  absorb  oxygen,  and 
are  converted  into  cupric  compounds. 

Cuprous  chloride^  subchloride,  or  protochloride,  CujCl,, 
is  produced,  together  with  cupric  chloride,  by  igniting  metallic  copper 
in  chlorine  gas,  or  by  dissolving  cuprous  oxide  in  hydrochloric  acid 
without  contact  of  air,  or  by  the  action  of  many  reducing  agents  upon 
solutions  of  cupric  diloride.  It  is  a  heavy,  white  powder,  rapidly 
becoming  green  in  the  air,  owing  to  the  absorption  of  oxygen  and  the 
formation  of  cupric   chloride,  Cu<S}     It  dissolves   in  concentrated 

hydrochloric  add,  but  not  in  water.  With  carbon  monoxide  it  forms 
a  crystallizable  compound.  Its  hydrochloric  add  solution  is  used  in 
gas  analysis  to  absorb  this  gas. 

Cuprous  iodide,  Cu,!,,  is  predpitated,  together  with  iodine,  from 
soluble  cupric  salts  by  potassium  io(Ude. 

2CUSO4  +  4KI  -  aK^O^  +  CuA  +  If 

On  dissolving  out  the  iodine  with  ether,  the  iodide  is  left  as  a  gray, 
insoluble  powder. 

Cuprous  cyanide,  Cu^Cy,,  is  obtained  by  treating  a  solution  of 
cupric  sulphate  with  potassium  cyanide. 

aCuSO^  +  4KCy  -  aK^SO^  +  Cu,Cy,  +  Cy,. 

Cuprous  sulphide,  subsulphide,  or  protosulphide,  C\i^,  occurs 
in  the  mineral  chalcocite,  as  soft,  fusible,  gray  crystals;  also  in  many 
double  sulphides,  among  which  the  most  important  is  the  double  sulphide 
of  copper  and  iron,  or  copper  pyrites. 

Cuprous  oxide,  suboxide,  Cu^O,  occurs  in  nature  as  cuprite. 
It  is  obtained  artificially  by  boiling  an  alkaline  solution  of  grape-sugar 
and  copper  sulphate.  It  precipitates  as  a  bright-red  powder.  (Fehl- 
ing's  and  Trommer's  tests.)  The  hydroxide,  Cu,(OH)„  is  predpi- 
tated  by  the  alkalies,  from  hydrochloric  add  solutions  of  CuaClj,  as  a 
yellow  powder. 

CUPRIC  compouuds. 

Cupric  chloride,  CuClj,  is  formed  by  dissolving  cupric  oxide  or 
carbonate  in  hydrochloric  add.  From  aqueous  solutions  it  crystallizes 
in  bright-green,  rhombic  needles  with  12H2O.    It  is  readily  soluble  in 
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water  and  alcohol.  When  heated,  it  parts  with  its  water  and  forma 
anhydrous  cupric  chloride,  which  at  a  red  heat  gives  oflf  chlorine. 

2CUCI,  +  heat  -  CujCl,  +  CI, 

Cupric  bromide  resembles  the  chloride.  The  iodide  is  unstable 
and  decomposes  rapidly  into  iodine  and  Cu,!,. 

Cupric  oxide,  binoxide,  black  oxide,  CuO,  is  prepai^ed  by  heat- 
ing copper  turnings  to  redness  in  the  air,  or  by  calcining  the  nitrate. 
It  forms  a  black,  amorphous  powder,  readily  reduced  to  the  metallic 
state  when  heated  with  charcoal,  hydrogen,  or  the  alkaline  metals. 
If  heated  in  the  presence  of  organic  substances,  it  oxidizes  them  com- 
pletely, and  is  thereby  reduced  to  the  metal.  It  is  used  in  organic 
analysis  for  this  purpose. 

Cupric  hydroxide,  Cu(0H)2,  is  formed  as  a  voluminous  bluish- 
white  precipitate  when  sodium  or  potassium  hydroxide  is  added  to  a 
solution  of  a  copper  salt.  When  heated,  even  under  water,  it  becomes 
dehydrated  and  dianged  to  black  cupric  oxide. 

Cupric  oxide  and  hydroxide  dissolve  in  ammonium  hydroxide, 
forming  a  dark-blue  solution.  This  solution  is  often  used  as  a  solvent 
for  cellulose,  from  which  adds  precipitate  it  again. 

Cupric  sulphate,  blue  vitriol,  blue  stone,  cupri  sulphas  (U.  S. 
P.,  Br.),  CUSO4 .  sHjO,  is  the  only  official  salt  of  copper.  It  may  be 
prepared,  first,  by  roasting  chalcocite;  second,  from  the  water  of  certain 
copper  mines;  third,  by  exposing  copper,  moistened  with  diluted 
sulphuric  add,  to  the  air;  fourth,  by  dissolving  copper  oxide  in  hot, 
concentrated  sulphuric  add. 

CuO  +  H^O,  -  CuSO,  +  H,0. 

It  forms  large,  blue,  triclinic  crystak,  which  dissolve  in  2.6  parts  of 
water  at  15®  C.  (59®  F.),  and  in  0.55  part  of  water  at  100®  C.  (212® 
F.).  It  loses  four  molecules  of  water  at  100®  C.  (212°  F.),  while  the 
fifth  separates  above  200®  C.  (392*^  F.),  leaving  a  white,  amorphous 
powder,  which  readily  takes  up  water,  and  in  so  doing  resumes  its  blue 
color.  Solutions  of  copper  salts  have  a  blue  color,  add  reaction,  and 
metallic,  st3rptic  taste. 

Anmionium  hydroxide  added  to  a  solution  of  copper  sulphate  pre- 
dpitates  a  bluish-white  cupric  hydroxide,  which  dissolves  in  an  excess 
of  the  alkali,  forming  a  deep-blue  solution  consisting  of  ammonio- 
sulphate  of  copper,  or  cupric-tetrammonitun  sulphate,  Cu(NHs)4- 
SO4 .  H3O.  This  solution  is  used  as  a  test  for  arsenic.  Alcohol 
predpitates  from  this  solution  long,  right  rhombic  prisms  of  cupric- 
tetranmionium  sulphate,  which  are  very  soluble  in  water. 

Cupric  sulphate  also  enters  into  the  alkaline  cupric  tartrate 
solution— Fehling's  solution. 
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Cupric  Carbonates. — The  neutral  carbonate,  CuCO,,  is  nol 
known.  When  alkaline  carbonates  are  added  to  solutions  of  copper 
salts,  the  basic  carbonate  separates  as  a  green  precipitate,  having  the 
formula  CuCO, .  aCu(OH)2.  This  salt  occurs  in  nature,  especially  in 
Siberia,  as  malachite.  Another  basic  salt,  tricupric  carbonatei  or 
sesquicarbonate  of  copper,  composes  the  beautiful  blue  mineral, 
azurite.    - 

Copper  arsenitei  Scheele's  green,  is  prepared  by  adding  a  solution 
of  sodium  or  potassium  arsenite  to  a  solution  of  a  copper  salt,  or  by  the 
addition  of  the  above  solution  of  Cu(NHj4S04 .  H,0  to  arsenious 
acid  or  any  soluble  arsenite.  'It  is  a  green  powder,  composed  of  copper 
arsenite  and  copper  hydroxide.  It  is  insoluble  in  water,  but  soluble  in 
ammonium  hydroxide  or  the  mineral  adds.  It  is  exceedingly  poison- 
ous, but  is  often  used  as  a  pigment  to  color  wall-papers,  toys,  and  even 
conifectionery. 

Schweisdhirt  green,  mitis  green,  or  Paris  green,  Cvi{Cfifi^^ .  - 
3CUO4AS2,  is  the  commonest  and  most  dangerous  of  the  cupro- 
arsenical  pigments.  It  is  prepared  by  adding  a  concentrated  solution 
of  cupric  acetate  to  a  boiling  solution  of  arsenous  add.  It  is  an  in- 
soluble, green,  crystalline  powder,  decomposed  by  prolonged  boiling 
in  water,  by  aqueous  solutions  of  the  alkalies,  and  by  the  mineral 
adds.    It  is  soluble  in  ammonium  hydroxide. 

Cupric  acetate,  Cu(C2Hs03)2,  is  formed  by  the  decomposition  of 
a  solution  of  copper  sulphate  by  lead  acetate.  It  crystallizes  in  large, 
bluish-green,  prismatic  crystals,  with  one  molecule  of  HjO,  which  it 
loses  at  140*  C.  (284°  F.).  The  dry  salt,  when  heated  to  250*  C. 
(482®  F.),  decomposes,  with  the  liberation  of  glacial  acetic  add. 

Basic  Acetates.— Verdigris,  cupric  subacetate,  is  a  complex 
mixture  of  copper  acetate  and  hydroxide.  It  is  prepared  by  exposing 
to  the  air  piles  composed  of  alternate  layers  of  grape-skins  and  copper 
plates,  and  after  some  time  removing  the  bluish-green  coating  from 
the  plates.* 

Copper  Pigments. — The  most  important  are:  Brighton  green, 
a  mixture  of  copper  acetate  and  chalk;  Brunswick  green,  originally 
an  impure  chloride,  but  now  generally  a  mixture  of  the  carbonate  and 
chalk;  mountain  green,  or  mineral  green,  a  native  green  carbonate 
of  copper,  sometimes  containing  orpiment;  Ifeuwieder  green,  a  mix- 
ture of  mineral  green  or  Schweinfurt  green  with  gypsum  or  barium 
sulphate;  green  verditer,  a  mixture  of  the  basic  carbonate,  the  oxide, 
and  chalk. 

*  The  term  "  verdigris  "  is  now  often  popularly  applied  indifferently  to  the  green 
carbonates,  hydroxides,  or  salts  of  organic  adds  whicn  accumulate  on  the  suiface 
of  copper. 
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Toxicological  Action. — Copper  sulphate  is  frequently  used  as 
an  astringent  in  medicine,  and  hjas  been  reconunended  in  cholera  and 
dysenteric  troubles.  This  salt  may  be  taken  in  considerable  doses, 
with  only  an  emetic  effect.  Until  recently  toxicologists  were  imi- 
versally  of  the  opinion  that  all  the  copper  salts  were  poisonous.  Of 
late,  however,  this  has  been  considerably  modified.  Most  of  the 
copper  compounds  have  an  irritant,  local  action  if  brought  into  contact 
with  the  gastric  or  intestinal  mucous  membrane,  causing  vomiting 
of  greenish  matter,  cramps,  etc.  On  the  other  hand,  there  are  numer- 
ous instances  in  which  severe  illness,  characterized  by  nervous  and 
other  constitutional  symptoms,  have  followed  the  use  of  food  that  has 
been  in  contact  with  imperfectly  tinned  copper  vessels.  Some  such 
cases  have  proven  fatal.  It  has  been  conclusively  shown,  however, 
that  pure  and  non-irritating  copper  compounds  may  be  taken  in  con- 
siderable quantity  without  any  bad  results. 

Cases  of  acute  poisoning  are  not  common,  but  some  are  recorded. 
Chronic  poisoning  is  occasionally  seen  in  those  who  work  in  copper, 
characterized  by  colicky  pains,  emaciation,  impaired  digestion,  diar- 
rhea, and  often  a  catarrhal  cough.  In  most  cases  there  is  a  green  line 
on  the  margin  of  the  gums.  Copper  is  very  likely  to  become  con- 
taminated with  arsenic;  and  it  is  possible  that  some  of  the  cases  of 
reported  copper  poisoning  ought  to  be  attributed  to  arsenic.  The 
organic  salts  of  copper  seem  to  be  more  poisonous  than  the  inorganic. 
Canned  peas,  pickles,  and  other  fruits  are  often  contaminated  with 
copper,  and  the  manufacturers  have  frequently  been  punished  by  fines; 
but  there  exists  a  difference  of  opinion  as  to  the  dangers  of  copper  in 
sudi  goods.  As  long,  however,  as  there  is  a  chance  for  doubt*,  sanitary 
authorities  should  prohibit  its  use.  The  chemist  must  remember 
that  most  articles  of  food  contain  traces  of  copper. 

The  treatment  of  cases  of  irritant  copper  poisoning  should  consist 
in  the  exhibition  of  milk,  white  of  egg,  and  other  albuminous  sub- 
stances, with  which  the  copper  salt  may  form  an  inert  compound* 
Emesis  should  be  induced  if  it  has  not  taken  place  spontaneously. 


SILVER  (Argentum). 

Af  =•  108. 

Occorrence. — This  metal  occurs  in  nature  in  combination  with 
dilorine,  bromine,  iodine,  sulphur,  arsenic,  copper,  antimony,  etc 
The  principal  localities  in  which  it  is  found  are  the  western  United 
States,  Mexico,  Hungary,  and  Saxony. 

It  is  found  native  to  some  extent.    The  lead  ore,  gaienai  furnishes 
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much  silver.  Silver  occurs  in  two  allotropic  forms, — ^viz.,  the  ordinajry 
form  and  the  colloidal  or  soluble  form,  known  as  coUargolum  or 
coUargoli  used  in  medicine. 

Preparation. — ^For  a  description  of  the  elaborate  processes  by 
which  silver  is  extracted  from  its  ores,  the  student  is  referred  to  works 
on  metallurgy.  As  usually  obtained  by  these  processes  the  metal  is 
not  pure,  but  is  contaminated  to  a  greater  or  less  extent  by  copper  and 
other  metals.  To  obtain  it  chemically  pure,  the  ordinarily  occurring 
silver  is  dissolved  in  nitric  acid,  and  from  this  solution  of  the  nitrates 
silver  is  precipitated  as  chloride  by  hydrochloric  add  or  common  salt. 
The  silver  chloride  thus  obtained  may  be  reduced  by  fusion  with  sodium 
carbonate,  or  by  the  action  of  zinc  or  iron  in  the  presence  of  water  and 
HCl. 

2AgCl  +  Zn  «-  ZnCl,  +  2Ag. 

The  electrolytic  process  of  refining  silver  is  much  employed  in  this 
country. 

Properties. — ^It  is  a  brilliant  white  metal.  Its  sp.  gr.  is  10.47  ^^ 
10.54.  It  is  tolerably  malleable,  soft,  very  ductile,  and  is  the  best- 
known  conductor  of  heat  and  electricity.  It  does  not  oxidize  in  the 
air,  but  frequently  tarnishes  in  ordinary  atmospheres  from  the  presence 
of  minute  quantities  of  hydrogen  sulphide,  which  blacken  it.  It  unites 
directly  with  the  members  of  the  halogen  group.  It  dissolves  in  hot, 
strong  sulphuric  add,  to  form  the  sulphate. 

Ag,  +  H^O^  -  Agj^O,  -f  Hy 

It  is  more  easily  attacked  by  nitric  acid,  which  dissolves  it  with  great 
readiness,'  even  when  largely  diluted. 

6Ag  +  8HNO,  -  6AgN03  -f  4H,0  +  N,Oy 

In  order  to  give  it  the  necessary  hardness  for  use  in  the  arts,  it  is  usually 
alloyed  with  copper.  Coin-silver  contains  ten  per  cent,  of  copper 
in  the  United  States,  France,  Germany,  and  Austria.  The  English 
shilling  contains  92.5  per  cent,  of  silver.  Colloidal  silver  is  a  dark- 
colered  powder  soluble  in  water  and  in  albuminous  fluids.  It  is  used  in 
the  preparation  of  unguentum  Cred^  used  in  medidne  as  a  germicide. 

Silver  is  very  much  used  for  coating  articles  made  of  the  baser  metals.  This 
is  done  by  electrolysis.  The  object  to  be  plated  is  made  the  cathode  (negati\'e 
electrode)  and  a  silver  plate  the  anode.  The  solution  consists  of  a  solution  of 
silver  cyanide  in  potassium  cyanide. 

Silver  chloride,  AgCl,  is  formed  as  a  curdy,  white  predpitate 
whenever  hydrochloric  add  or  a  soluble  chloride  is  added  to  aqueous 
aohitions  of  silver  salts. 

AgNO,  +  HCl  -  AgCl  +  HNO3. 
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It  is  insoluble  in  acids,  but  soluble  in  solutions  of  alkaline  chlorides, 
hyposulphites,  and  cyanides,  and  freely  so  in  ammonium  hydroxide. 
It  may  be  crystallized  from  ammoniacal  solutions  in  large,  regular 
octahedra. 

Silver  bromidei  AgBr,  precipitates  from  solutions  of  silver  salts 
on  the  addition  of  hydrobromic  add  or  a  soluble  bromide. 

AgNO,  +  HBr  -  AgBr  +  HNO^ 

With  the  exception  of  being  less  soluble  in  ammonium  hydroxide,  it 
very  closely  resembles  silver  chloride. 

Silver  iodide^  Agl,  differs  from  the  chloride  and  bromide  in  its 
yellow  color  and  insolubility  in  ammonia.  Actinic  rays  of  light  change 
the  color  of  silver  chloride,  bromide,  and  iodide,  first  to  violet,  then 
brown,  and  finally  black.  The  bromides  and  iodides  are  more  sensitive 
to  light  than  the  chloride. 

Silver  oxide,  silver  monoxide,  silver  protoxide,  argenti  oxidum 
(U.  S.  P.,  Br.),  AgjO,  is  precipitated  from  solutions  of  soluble  silver 
salts,  by  sodium  or  potassium  hydroxide,  as  a  dark-brown,  faintly 
alkaline  powder,  slightly  soluble  in  water. 

2AgNO,  +  2KOH  -  AfoO  +  2KNO,  +  H,0. 

It  has  strong  basic  properties.  It  readily  gives  up  its  oxygen  when 
heated.  It  should  not  be  triturated  with  substances  which  are  readily 
oxidizable,  or  combustible,  as  it  is  easily  reduced.  When  the  solution 
in  ammonium  hydroxide  is  evaporated,  there  separate  black  crystals 
of  an  explosive  compound,  AgjO.  2NH5,  which,  when  dry,  explode  on 
the  slightest  disturbance. 

Silver  suboxide,  Ag^O,  and  silver  peroxide,  AgO  or  AgjO,, 
are  also  known. 

Silver  nitrate,  argenti  nitras  (U.  S.  P.,  Br.),  AgNO,,  is  prepared 
by  dissolving  pure  silver  in  a  somewhat  diluted  nitric  acid,  evaporating, 
recrystallizing,  and  washing  with  strong  nitric  add.  It  separates  in 
large,  anhydrous  plates,  soluble  at  ordinary  temperatures  in  one  part 
of  water  or  twenty-six  parts  of  alcohol,  and  forms  colorless  solutions. 

On  exposure  to  light,  in  the  presence  of  organic  matter,  its  solutions 
turn  black  and  deposit  metallic  silver.  It  has  been  proposed  to  use 
this  reaction  as  a  test  for  organic  matters  in  potable  waters.  Chlorine 
and  iodine  decompose  it,  with  the  liberation  of  anhydrous  nitric  add 
and  the  formation  of  a  chloride  or  an  iodide.  When  fused  and  cast 
into  cylindrical  molds,  it  forms  the  argenti  nitras  fusus  (U.  S.  P.), 
or  lunar  caustic  of  pharmacy.  Argenti  nitras  mitigatus  (U.  S.  P., 
Br.),  (mitigated  caustic),  is  an  offidal  preparation,  made  by  melting 
together  thirty  parts  of  silver  nitrate  and  sixty  parts  of  potassium 
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nitrate,  and  casting  in  suitable  molds.  This  salt  is  also  iised  in 
photography,  in  the  manufacture  of  hair-dyes,  marking-ink,  and  in 
the  silvering  of  glass. 

Silver  cyanide,  argenti  cyanidum  (U.  S.  P.),  AgCN,  precipitates 
from  silver  nitrate  solutions  as  a  white,  curdy  mass,  on  the  addition 
of  potassium  or  sodium  cyanide.  It  is  freely  soluble  in  an  excess  of 
the  reagent.  It  is  also  soluble  in  ammonium  hydroxide  and  sodium 
thiosulphate,  but  is  not  afifected  by  light.  A  solution  of  this  com- 
pound in  potassium  cyanide  is  used  as  the  plating  bath  in  electroplating 
with  silver. 

Organic  Silver  Compounds. — ^Protargol  is  a  compound  of  silver 
with  a  proteid,  containing  eight  per  cent,  of  silver,  occurring  as  a  yellow 
powder,  soluble  in  water  up  to  fifty  per  cent.  It  is  not  precipi- 
tated by  albumin  or  the  soluble  chlorides.  Argyrol  is  a  compound  of 
silver  with  vitelUn,  containing  thirty  per  cent,  of  silver,  readily  soluble 
in  water  and  not  precipitated  by  albumin  or  soluble  chlorides.  Both 
these  compounds  are  employed  as  germicides  in  medicine  in  one  to 
five  per  cent,  solutions. 

Silver  Salts  in  Photography. — The  property  of  undergoing 
reduction  to  the  metallic  state,  by  the  action  of  light  and  organic  matter, 
makes  the  silver  salts  useful  in  photography. 

In  taking  a  photograph  a  negative  is  first  prepared,  as  follows:  A 
plate  of  glass,  previously  well  cleaned,  is  evenly  covered  by  floating 
over  it  a  solution  of  collodion  (a  solution  of  pyroxylin  in  ether  and 
alcohol)  containing  a  small  quantity  of  iodide  or  bromide  of  potas- 
sium, and  then  dried.  On  dipping  the  plate  into  a  solution  of  silver 
nitrate,  it  becomes  coated  with  a  layer  of  silver  iodide  or  bromide. 
After  exposure  in  the  camera,  it  is  taken  to  the  dark  room  and  "  de- 
veloped^' by  pouring  upon  it  a  solution  of  pyrogallic  acid  or  ferrous 
sulphate,  which  reduces  the  silver  salts  to  tiie  metallic  state  on  that 
portion  of  the  plate  that  has  been  acted  upon  by  light,  and  makes 
it  opaque.  In  printing  from  this,  a  sheet  of  albuminized  paper,  pre- 
viously floated  upon  a  solution  of  silver  nitrate  and  dried,  is  placed 
behind  the  negative  and  exposed  to  a  strong  light.  The  same  action 
takes  place  upon  the  paper,  the  lights  upon  the  negative  becoming 
dark  upon  the  paper.  The  image  is  "fixed"  by  dissolving  off  the  im- 
decomposed  silver  with  a  solution  of  sodium  hyposulphite. 

GOLD  (Aunim). 

"^  Au  =  197. 

Occurrence. — Native  gold  occurs  widely  distributed,  though  in 
small  quantities.    It  is  sometimes  found  in  the  form  of  beautiful  oystals, 
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belonging  to  the  cubical  system,  but  generally  as  veins  in  quartz.  It  is 
also  found  in  the  beds  of  various  rivers,  in  the  form  of  a  granular  dust. 
The  chief  localities  are  the  United  States  (Colorado,  Ne>^a,  Alaska), 
South  America,  Canada,  Transvaal,  Hungary,  the  Ural  Mountains,  and 
Australia.  This  may  be  separated  by  simple  washing,  the  simplest  device 
being  the  "pan,"  which  is  a  round  dish  of  sheet-iron,  with  sloping  sides, 
about  twelve  or  fourteen  inches  in  diameter.  This  pan  is  about  half 
filled  with  the  mud  and  sand  to  be  washed,  and  is  held  in  a  stream 
of  water  and  rotated  in  such  a  way  that  the  lighter  material  is  carried 
away  and  the  gold  left.  When  larger  quantities  are  to  be  washed,  the 
"cradle"  is  used.  The  gold-dust  so  obtained,  or  the  gold -quartz 
which  has  been  pulverized,  is  treated  with  mercury,  which  forms  an 
amalgam  with  the  gold.  This  amalgam  is  then  placed  in  a  retort  and 
heated.  The  mercury  distils  over,  leaving  the  gold  behind.  It  also 
occurs  as  a  telluride.  The  gold  is  extracted  from  this  by  treatment  of 
the  powdered  ore  with  a  solution  of  potassium  cyanide. 

Properties. — Gold  is  orange-yellow  by  reflected  light  and  green 
by  transmitted  light,  and  is  very  ductile  and  exceedingly  malleable. 
It  fuses  at  1200®  C.  (2192®  F.),  has  a  sp.  gr.  of  19.36,  and  is  a  good 
conductor  of  heat  and  electricity.  It  retains  its  luster  even  at  high 
temperatures.  It  is  not  affected  by  any  single  acid  or  by  alkaline  hy- 
droxides. A  mixture  of  nitric  and  hydrochloric  adds  readily  dissolves 
it,  forming  a  solution  of  the  chloride.  It  combines  directly  with  the 
halogens  and  with  phosphorus,  antimony,  arsenic,  and  mercury.  In 
handling  bromine  or  mercury,  care  should  be  taken  that  they  do  not 
come  in  contact  with  rings  or  other  gold  jewehy,  lest  they  be  attacked. 

Uses. — Gold  preparations  are  not  extensively  used  in  medicine. 
It  is  extensively  employed,  however,  in  the  manufacture  of  jewelry, 
and  for  coinage.  For  either  of  these  purposes  it  is  too  soft  to  be  used 
alone,  but  is  always  alloyed  with  either  copper  or  silver.  In  estimat- 
ing the  fineness  of  gold  in  jewelry,  it  is  divided  into  twenty-four  equal 
parts,  called  carats.  The  alloy  is  said  to  be  of  so  many  carats  fineness 
when  it  contains  that  number  of  twenty-fourths  of  pure  metal.  Eigh- 
teen-carat  gold  is,  then,  ^  gold  and  six  carats  base  metal. 

There  is  also  a  colloidal  variety  said  to  be  prepared  by  reducing 
faintly  alkaline  solutions  of  gold  with  formaldehyde,  and  dialyzing  the 
product.  It  is  soluble  in  water,  and  resembles  the  colloidal  varieties 
of  silver  and  mercury. 

Aturoiis  chloridei  AuCl,  is  a  pale  yellow,  insoluble  powder,  formed 
by  heating  auric  chloride  to  200®  C.  (392°  F.). 

Auri  et  sodii  chloridum  (U.  S.  P.),  AuCl, .  NaCl,  is  used  in 
inedidne.  It  is  a  yellow,  deliquescent  solid,  having  a  saline,  metallic 
taste  and  an  add  reaction.  It  is  soluble  in  water  and  in  alcohol. 
»7 
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It  is  not  a  chemical  compound,  but  a  mixture  of  auric  chloride,  AuClg, 
and  sodium  chloride,  NaCl,  in  equal  parts  by  weight.  It  is  decomposed 
by  heat,  and  metallic  gold  separates. 

Auric  chloride,  gold  trichloridey  AuCl„  occurs  in  deliquescent 
prisms,  solubk  in  water,  alcohol,  and  ether.  With  phosphorus,  or  with 
reducing  agents,  it  is  readily  decomposed,  with  the  separation  of  gold. 
When  in  solution,  it  gives,  with  stannous  chloride,  a  beautiful  purple, 
flocculent  precipitate, — ^purple  of  Cassiiis, — ^which  is  used  to  orna- 
ment glass  and  porcelain.  Auric  chloride  is  used  in  photography  for 
''  toning."  The  silver  print  is  placed  in  the  gold  solution,  when  metallic 
gold  is  deposited  upon  the  silver  picture,  thus  giving  it  a  yellow  tint  or 
"tone." 

Atirous  ozidei  Au^O,  is  a  dark  violet  powder,  formed  by  the 
action  of  potassium  hydroxide  upon  aurous  chloride.  Hydrochloric 
add  changes  it  into  auric  chloride  and  gold. 

Auric  oxide,  Au^O,,  is  prepared  by  digesting  magnesium  oxide  in 
a  solution  of  auric  chloride,  decomposing  the  magnesium  aurate  with 
nitric  add,  and  drying  the  residue  at  loo®  C.  (21a®  F.).  It  is  a  dark 
brown  powder,  which  decomposes  easily,  and  unites  r^ily  with  posi- 
tive oxides  to  form  aurateSi  having  the  general  formula  RAuO,. 
It  will  thus  be  seen,  from  its  behavior  with  oxygen,  that  gold  is  eith^ 
monad  or  triad. 


GROUP  II.— METALS  OF  THE  ALKALINE  EARTHS, 

Glucinmn,  01  —  9.1 
Caldum,  Ca  —  40.1 
Strontium,  Sr  -  87.6 
Barium,      B«  —  137.4 

The  metals  of  this  group  are  called  metals  of  the  alkaline  earths, 
because  their  oxides  resemble,  on  the  one  hand,  the  oxides  of  the  alkali 
metals,  and,  on  the  other,  the  real  earths  (alumina,  etc).  Like  the 
potassium  group,  their  chemical  energy  increases  gradually  with  their 
atomic  weights.  Their  basic  properties  also  become  greater  with  their 
atomic  weights.  Thus,  barium  decomposes  water  more  energetically 
and  oxidizes  more  readily  than  strontium  or  caldum.  Barium  hy- 
droxide is  likewise  the  strongest  base.  It  is  quite  soluble  in  water.  It 
fuses  without  decomposition  and  absorbs  carbon  dioxide  rapidly  from 
the  air.  Caldum  hydroxide  possesses  weaker  basic  properties,  is 
difficultly  soluble  in  water,  and,  when  ignited,  breaks  up  into  water  and 
caldum  oxide.    Strontium  stands  between  barium  and  caldum.    Thus, 
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althou^  these  metals  reseihble  the  alkali  metals,  both  in  their  free  state 
and  as  hydroxides,  they  differ  essentially  from  them  in  the  insolubility 
of  their  carbonates  and  phosphates^  and  still  more  of  their  sulphates. 
Barium  sulphate  is  insoluble  in  water  and  adds. 

GLUdNUH  (Beryllium). 

This  is  one  of  the  rarer  metals,  found  in  ber^,  Al^O, .  36eOSi03.  That 
variety  of  beiyi  colored  green  by  traces  of  chromium  is  the  gem  known  as  emerald. 

CALCIUM. 

Ca  »  40.1. 

Occurrence. — ^This  metal  forms  one  of  a  class  of  elements  most 
widely  distributed  in  nature.  Its  carbonate  (limestone,  marble,  and 
chalk),  its  sulphate  (gypsum  and  alabaster),  and  its  phosphate  (phos- 
phorite, apatite),  fluoride  (fluorite),  and  silicate  are  common  minerals. 

Preparation. — Calcium  may  be  obtained  by  electrolysis  from  the 
fused  chloride,  or  by  heating  caldiim  iodide  with  sodium,  or  caldum 
chloride  with  sodium  and  zinc. 

Properties.— It  is  a  hght  yellow,  lustrous,  ductile  metal.  It  fuses 
at  a  red  heat,  does  not  sensibly  volatilize,  and  bums  m  the  air  with  a 
brilliant  reddish-yellow  light.  It  does  not  undergo  oxidation  in  dry 
air,  but  in  moist  air  covers  itself  with  a  layer  of  hydroxide*  Its  sp. 
gr.  is  1.577. 

COMPOUNDS  OF  CALCIUM. 

Calcium  chloride,  calcii  chloridum  (U.  S.  P.,  Br.),  CaCl,,  is 
prepared  by  the  action  of  hydrochloric  add  upon  marble.  It  crystal- 
lizes with  six  molecules  of  H,0,  in  large,  six-sided  prisms,  whidi  are 
.  bitter,  deliquescent,  and  very  soluble  in  water.  If  heated,  it  melts  in 
its  water  of  crystallization,  with  some  bss  of  water.  At  about  200^  C. 
(392^  F.)  it  becomes  anhydrous.  The  fused  calcium  chloride  is  the 
official  salt.  It  is  a  white  mass,  slightly  translucent,  having  a  sharp, 
saline  taste,  but  no  odor.  The  diy  salt  is  a  white,  porous  mass,  which 
fuses  at  a  red  heat  and  solidifies  to  a  crystalline  mass,  which  rapidly 
absorbs  water  and  is  used  as  a  drying  agent  for  gases  and  liquids 
other  than  water.  Calcium  iodide,  Calj,  and  the  bromide,  calcii 
bromidtim  (U.  S.  P.),  CaBrj^  are  very  similar  to  the  chloride. 

Calcium  fluoride,  CaF,,  occurs  native  as  fluor-spar  or  fluorite  in 
the  form  of  cubes  often  colored  blue  or  ameth)rst,  and  also  amorphous. 
It  is  insoluble  in  water,  and  fuses  at  a  red  heat.  It  is  used  as  a  flux  in 
metallurgical  processes,  and  is  employed  as  a  source  of  the  fluorine 
compounds.    When  treated  with  H^SO^  it  evolves  HF. 
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Chlorinated  lime,  bleaching  powder,  calx  chlorinata  (U.  S.  P., 

Br.),  is  a   mixture  of  calcium  chloride,  CaClj,   and   calcium  hypo- 
chlorite,   Ca(C10)2,   or  it  may  possibly  have  the  composition  rep- 

resented  as  follows:  Ca<Q   .   The  hypochlorite  is  the  active  principle. 

It  is  prepared  by  passing  chlorine  over  slaked  lime. 

From  the  analogous  action  of  chlorine  upon  sodium  or  potassium  hydroxide,  we 
may  express  the  reaction  in  the  case  of  calcium  hydroxide  by  the  following  equation: 

2Ca(OH),  +  2CI,  «  Ca(OCl),  +  CaCl,  +  aHfi. 

According  to  this  equation,  the  completely  chlorinated  chloride  of  lime  must 
contain  48.9  per  cent,  of  chlorine,  which  is  never  the  case,  as  a  portion  of  the  cal- 
cium hydroxide  always  remains  unchanged.  The  exact  constitudon  of  chloride 
of  lime  is  in  doubt;  but  from  more  recent  observations  it  is  believed  by  some  that 

OQ 

the  active  constituent  of  chloride  of  lime  is  a  basic  calcium  hypochlorite,  Ca<QTj 

and  the  following  reaction  takes  place  when  chlorine  acts  upon  calcium  hydroxide: 
3Ca(OH),  +  2CI,  -  aCaO^Cl  +  CaCl,  +  ^H,0. 

Calculating  from  this  equation,  completely  saturated  chloride  of  lime  contains 
only  thirty-nine  per  cent,  of  chlorine,  which  is  found  to  be  actually  the  case. 

Others  regard  chloride  of  lime  as  a  chlorohypochlorite,  having  the  graphic 
formula  CaCl  —  O  —  CI,  and  formed  according  to  the  following  reaction:  Ca- 
(OH).  +  CI,  =»  CaOCl,  -f  HjO.  It  is  claimed  that  when  this  compound  is  dis- 
solved in  water  it  decomposes  into  CaO,Cl,  and  CaClj.  This  idea  of  its  composi- 
tion seems  to  me  improbable. 

Chlorinated  lime  is  a  grayish-white  powder,  having  a  bitter, 
acrid  taste  and  a  chlorine-like  odor.  It  is  alkaline  in  reaction, 
soluble  in  cold  and  decomposed  by  boiling  water.  It  slowly  decom- 
poses in  the  air,  the  carbon  dioxide  liberating  hypochlorous  oxide. 
This  decomposition  is  hastened  by  sunlight  and  heat. 

Ca(ClO),  +  CaCl,  +  2CO,  -  2CaCO,  +  2CI,. 

Diluted  mineral  acids  decompose  it  very  rapidly,  with  the  liberation 
of  chlorine. 

Ca(ClO),  +  CaCl,  +  4HCI  -  2CaCl,  +  2H,0  -H  2CI,. 

The  efficiency  of  chloride  of  lime  as  a  bleaching  and  disinfecting 
agent  depends  upon  this  production  of  free  chlorine.  The  amount 
that  will  be  set  free  by  acids  is  called  the  available  chlorine.  The 
official  calx  chlorinata  should  contain  not  less  than  thirty  per  cent. 

Calcium  oxide,  lime,  calx  (U.  S.  P.,  Br.),  CaO,  is  obtained  pure 
by  igniting  the  carbonate  or  nitrate.  On  a  large  scale  it  is  prepared 
commercially  by  heating  the  natural  carbonate  (limestone  or  marble) 
in  rude  stone  furnaces,  called  lime-kilns.  It  is  a  grayish-white,  alkaline, 
and  caustic  amorphous  solid.    Sp.  gr.,  2.3.    It  does  not  fuse  at  any 
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temperature  at  our  command.  When  the  oxyhydrogen  flame  is  thrown 
upon  it,  it  becomes  incandescent  and  emits  an  extremely  intense,  white 
light  (calcium  or  Drummond  light).  It  combines  energetically  with 
water  to  form  the  hydroxide,  the  process  being  known  as  slaking,  and 
is  attended  with  the  evolution  of  much  heat. 

CaO  +  H,0  -  Ca(OH)y 

It  is  used  for  making  building  mortar.  When  lime  is  exposed  to  the 
air  for  some  days,  it  absorbs  moisture,  becomes  air-slaked,  and 
crumbles  to  a  powder. 

Calcium  hydroxide,  slaked  lime,  calcii  hydras  (Br.),  Ca(OH)„ 
is  a  dry,  white  powder,  odorless,  and  alkaline  in  reaction.  It  is  slightly 
soluble  in  cold  and  less  so  in  hot  water.  Exposed  to  the  air,  it  absorbs 
carbon  dioxide  and  forms  the  carbonate.  Ondinary  mortar  is  a  mixture 
of  slaked  lime,  water,  and  quartz  sand.  The  hardening  of  mortar  de- 
pends upon  three  causes:  (i)  The  evaporation  of  the  water.  (2)  The 
absorption  of  carbon  dioxide  from  the  air  and  the  formation  of  calcium 
carbonate: 

Ca(OH),  +  CO,  -  CaCO,  +  H,0. 

(3)  The  action  of  the  basic  hydroxide  upon  the  silicic  acid  of  the  sand, 
producing  calcium  silicate. 

Ca(OH),  +  SiO,  -  CaSiO,  +  H,0. 

This  last  reaction  takes  place  slowly;  hence  the  hardness  of  old  mortars. 
Hydraulic  mortar,  or  cement,  contains  calcium  oxide,  aluminum 
siUcate,  and  quartz  powder;  its  hardening  depends  principally  upon  the 
formation  of  calcium  and  aluminum  silicates. 

Lime-water,  liquor  calcis  (U.  S.  P.,  Br.),  is  a  clear,  saturated 
solution  of  calcium  hydroxide  in  water. 

The  percentage  of  Ca(OH)2  varies  with  the  temperature.  It  con- 
tains about  0.14  per  cent,  at  the  ordinary  temperature,  but  when  the 
temperature  rises  the  solution  becomes  weaker. 

Cane-sugar  increases  the  solubility  of  calcium  hydroxide,  with 
which  it  forms  a  saccharate.  Liquor  calcis  saccharatus  (Br.)  is  a 
solution  of  calcium  hydroxide  in  a  strong  solution  of  cane-sugar. 

Syrupus  calcis  (U.  S.  P.)  is  an  analogous  preparation,  containing 
about  6.5  per  cent,  of  CaO^H,. 

When  lime-water  contains  an  excess  of  the  hydroxide,  rendering  it 
turbid,  it  is  called  milk  of  lime. 

Calcitmi  carbide,  CjCa,  is  prepared  by  heating  in  an  electrical 
furnace  an  intimate  mixture  of  coal-tar  and  lime.  The  mass  fuses 
and  can  be  poured  out  of  the  crucible,  and  on  cooling  is  found  to  be 
composed  of  carbon  mixed  with  lustrous,  dark-brown  or  black  masses 
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of  calcium  carbide.  These  masses  are  hard  and  brittle,  having  a  ays- 
talline  fracture.  On  exposure  to  moist  air,  it  decomposes  and  loses  its 
luster.  The  most  interesting  property  of  C^Ca  is  its  decomposition 
when  brought  in  contact  with  water. 

CLCa    +     2H,0    =    CA    +     CaOJI^ 
CaJdum  Water.  ^j^cetylene.  Calcium 

Carbide.  Hydroxide. 

The  acetylene  produced  is  pure,  and  bums  with  a  smoky  flame. 
When  diluted  with  from  six  to  ten  volumes  of  air,  it  gives  a  flame  of 
great  brillianqr  and  intensity.  This  compound  is  interesting  because 
it  can  be  cheaply  made,  and  serves  to  bridge  over  the  gap  between 
inorganic  and  organic  substances,  and  allows  us  to  prepare,  on  a  manu- 
facturing scale,  an  organic  compound  from  the  elements.  It  b  now 
made  on  a  large  scale,  and  is  an  article  of  commerce. 

Calcium  sulphatei  CaSO^,  occurs  very  abundantly  as  gypsunii 
in  right  rhombic  prisms,  combined  with  two  molecules  of  water.  The 
anhydrous  salt  forms  the  mineral  anhydrite*  It  is  very  sparingly 
soluble  in  water.  At  ordinary  temperatures  i  part  dissolves  in  400 
parts  H2O.  Ground  gypsum  is  lised  in  the  arts  under  the  name  of 
terra  alba.  When  heated  to  about  lao**  C.  (248**  F.)  it  parts  with 
its  water,  becoming  converted  into  an  opaque,  white  mass,  which, 
when  ground,  is  called  pla8ter-of-Paris«  It  is  sometimes  used  as  a 
fertilizer. 

Calcii  sulphas  ezsiccatus  (U.  S.  P.),  dried  gypsum,  oontains 
about  ninety-five  per  cent,  of  CaS04  and  about  five  per  cent,  of  ;vater. 
It  is  prepared  by  heating  pure  native  gypsum,  CaS04 .  aHjO,  until 
about  three-fourths  of  the  water  is  expelled. 

When  mixed  with  water,  this  powder  takes  up  two  molecules  and 
hardens  into  a  stone-like  solid.  Upon  this  property  depends  the  use- 
fulness of  plaster  for  making  molds,  figures,  and  immovable  surgical 
dressings. 

Calcium  Phosphates.— TricalciCy  neutral,  or  bone  phosphate, 
calcii  phosphas  praecipitatus  (U.  S.  P.),  calcis  phosphas  (Br.),  Ca,- 
(POf)),  is  found  in  rocks,  and  especiaUy  in  the  mineral  apatitCi 

3Ca,(PO,),Car„ 

and  in  soils,  in  guano,  in  the  ash  of  plants,  and  in  every  tissue  and 
fluid  of  animal  bodies. 

It  may  be  prepared  pure  by  dissolving  bone-ash  in  hydrochloric 
acid,  filtering,  and  precipitating  with  ammonium  hydroxide: 

Ca,(PO,),  +  4HCI  -  CaH,(PO,),  +  aCaCl^ 
CaH,(PO,),  +  2CaCla  -f  4NH,OH  -  Ca,(PO,),  +  4NH4CI  +  4H,0. 

Also  by  double  decomposition  between  calcium  chloride  and  an  alka- 
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line  phosphate.  It  is  a  gelatinous  mass  when  first  precipitated,  but, 
after  drying,  a  white,  amorphous  powder.  It  is  insoluble  in  water, 
but  readily  soluble  in  dilute  adds,  even  acetic;  also  in  water  charged 
with  carbon  dioxide.  An  impure  tricaldum  phosphate,  prepared  by 
burning  bones,  is  known  as  bone-ash. 

Dicalcium  phosphate,  CajHaCPOJ^  separates  as  an  amorphous, 
insoluble  predpitate,  when  disodium  phosphate  is  added  to  a  strong 
solution  of  caldum  chloride  slightly  addified  with  acetic  add. 

Monocalcium  phosphate,  acid  calcium  phosphate,  super- 
phosphate of  lime,  CaH4(P04)2,  is  found  in  brain-tissue  and  in 
add  animal  fluids.  It  is  produced  by  the  action  of  sulphuric  or  hy- 
drochloric add  upon  the  first  two  phosphates,  and  is  manufactured 
as  a  fertilizer,  mixed  with  caldum  sulphate,  by  decomposing  bones 
with  sulphuric  add. 

Ca^PO^  +  2U^O^  -  CaH/PO,),  +  aCaSO^. 

At  a  temperature  of  200®  C.  (39a®  F.)  it  splits  up  into  caldum  pyro- 
phosphate, metaphosphoric  add,  and  water. 

2CaH,(POJ,  -  Ca,P,0,  -h  2HPO,  +  3H,0. 

When  this  mixture  is  ignited  with  charcoal,  the  metaphosphate  is 
formed,  and  reduced  to  phosphorus  and  ^^(POJj.     (See  p.  163.) 

Calcium  carbonate,  calcii  carbonas  (Br.),  CaCO„  is  of  ex- 
ceedingly wide  distribution  in  nature.  It  exists  sometimes  in 
enormous  deposits,  as  limestone,  marble,  chalk,  calcite,  Iceland  spar, 
and  as  the  mineral  basis  of  the  corals,  shells  of  the  Crustacea,  mollusks, 
etc.  Chalk  is  a  comparatively  pure,  amorphous,  caldum  carbonate, 
made  up  of  microscopic  shells. 

Caldum  carbonate  is  nearly  insoluble  in  pure  water,  but  dissolves 
readily  in  water  containing  carbon  dioxide.  Hence,  we  find  it  dis- 
solved in  nearly  all  natural  waters,  as  a  bicarbonate,  CsH^iCO^^y 
giving  rise  to  temporary  hardness.  Boiling,  agitation,  or  free  exposure 
to  the  air  may  decompose  this  salt  and  deposit  the  ordinary  caldum 
carbonate.  Upon  this  depends  the  formation  of  stalactites,  boiler  in- 
crustations, and  similar  deposits. 

Calcii  carbonas  praecipitatus  (U.  S.  P.,  Br.)  is  made  by  mixing 
solutions  of  caldum  chloride  and  sodium  carbonate.  Double  de- 
composition takes  place,  and  CaCO,  is  predpitated. 

CaCl,  +  NajCOa  =  CaCO,  +  2NaCL 

The  white  predpitate  of  caldum  carbonate  is  filtered  oflf,  washed 
with  water,  and  dried.  Prepared  chalk,  creta  praeparata  (U.  S.  P., 
Br.),  is  a  native  chalk,  purified  by  elutriation,  which  consists  in 


24$  MEDICAL  CHEMISTRY. 

grinding  the  chalk  in  water,  allowing  the  mixture  to  partially  subside, 
decanting  the  upper  portion,  allowing  it  to  settle,  and  collecting  and 
drying  the  fine  powder. 

Calcium  oxalate,  CaCsO^,  is  found  in  the  juice  of  some  plants  and  in  the 
urine.  It  may  be  obtained,  as  a  fine,  white,  ciystalline  powder,  by  adding  any 
soluble  oxalate  to  a  soluble  calcium  salt  dissolved  in  a  neutral  or  alkaline  solution. 

(NH,),C,0,  +  CaCl,  -  2NH,C1  +  CaC,0^. 

It  is  insoluble  in  water  and  acedc  add,  but  soluble  in  the  mineral  adds.  In  many 
diseased  conditions  which  produce  defident  oxidation  or  excessive  production  of 
adds  (lung  disease  and  acid  dyspepsia),  it  occurs  in  the  urine  in  considerable  quan- 
tides,  and  gives  rise  to  oxaluria,  or  the  oxalic  add  diathesis.  This  salt  frequently 
forms  calculi,  which  present  irregular  projections  and  have  received  the  name  of 
mulbeny  calculi.  Elxcessive  saccharine  diet,  or  excessive  consumption  of  cer- 
tain vegetables,  as  tomatoes,  rhubarb,  etc.,  increases  the  production  and  elimina- 
tion of  caldum  oxalate. 

Calcii  hypophosphis  (U.  S.  P.,  Br.),  Ca(PH,0^y  is  made  by  boiling  together 
caldum  hydroxide  and  phosphorus  until  combination  is  complete,  and  phos- 
phoretted  hydrogen,  PH„  ceases  to  be  evolved. 

3Ca(OH),  +  2P,  +  6H,0  -  3Ca(PH,0^,  +  aPH,. 

The  solution  is  then  filtered,  evaporated,  and  the  salt  granulated.  It  is  gener^ 
ally  obtained  as  a  white,  granular  powder,  having  no  odor,  but  a  nauseous,  bitter 
taste. 

Crude  caldum  sulphide,  calx  sulphuiata  (U.  S.  P.,  Br.),  is  made  by  mix- 
ing together  dried  caldum  sulphate  and  powdered  charcoal,  and  heating  to  bright 
redness  in  a  loosely  covered  crudble  until  the  black  color  of  the  mixture  has  fis- 
appeared.  It  is  a  mixture  containing  about  sixty  per  cent  of  CaS,  with  CaSO| 
and  carbon  in  varying  proportions.    It  has  a  pale-gray  color  and  a  sli^t  odor  of 

Physiological  Effects  and  Uses.— The  caldum  salts  play  an 
important  part  in  the  animal  economy.  The  phosphates  are  found  in 
every  tissue  and  fluid  of  the  body,  but  most  abundantly  in  the  bones 
and  teeth,  the  former  containing  from  fifty-five  to  fifty-nine  per  cent., 
and  the  latter,  including  the  carbonate,  seventy-two  per  cent.  As 
the  salts  of  lime  are  insoluble  in  alkaline  fluids,  various  theories  have 
been  put  forward  to  explain  their  state  in  the  blood  and  other  alkaline 
fluids.  It  seems  certain  that  the  caldum  of  blood-serum  does  not 
exist  as  phosphate,  but  as  some  soluble  salt  or  albumin  compound, 
soluble  in  alkaline  fluids.  The  calcium  phosphate  of  the  urine  remains 
in  solution  as  long  as  that  fluid  is  add,  but  separates  as  an  amorphous 
or  crystalline  sediment  as  soon  as  it  undergoes  alkaline  fermentation. 
Alkahne  urine  is  always  turbid  from  the  predpitation  of  the  phosphates 
of  Mg  or  Ca.  When  taken  internally,  the  caldum  salts  produce 
effects  similar  to  those  of  sodium  and  potassium,  but  milder.  They 
have  a  mild  astringent  effect,  and  the  (M>ride  is  given  to  increase  the 
coagulability  of  the  blood. 
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STRONTIUM. 

Strontium  is  rather  sparingly  found  in  nature.  The  principal 
minerals  are  strontianite,  SrCO,,  and  celestite,  SrSOf.  It  is  a 
brass-yellow,  lustrous  nietal,  which  resembles  calcium  in  its  properties, 
as  also  do  its  compounds.  This  element  exhibits  most  of  the  properties 
of  caldum  and  barium.  Strontium  may  be  made  by  decomposing 
the  chloride  by  electricity.  Its  compounds  impart  a  red  tinge  to  the 
flame,  and  for  this  reason  the  nitrate  is  used  as  a  constituent  of  red  fires. 
The  solubility  of  its  sulphate  stands  between  that  of  caldum  and  barium. 
It  has  been  used  in  medicine  as  an  alterative.  Its  salts  are  poisonous 
only  in  large  quantities. 

Strontium  Chloride.— SrCl, .  6H3O.  This  salt  may  be  prepared 
by  treating  HCl  with  an  excess  of  strontianite,  and  digesting  the  mix- 
ture for  some  time  to  allow  the  iron,  aluminum,  etc.,  to  separate  from 
the  solution,  which  may  then  be  drawn  off  and  evaporated.  On 
cooling,  this  concentrated  solution  deposits  adcular  crystals  having 
a  bitterish  taste.  They  are  soluble  in  1.8  parts  of  water,  are  soluble  in 
alcohol,  and  deliquesce  in  the  air. 

StrontiumBromidei  Strontii  Bromidum  (U.  S.  P.).— SrBrj .  6H,0. 
This  salt  may  be  prepared  by  saturating  hydrobromic  add  with  stron- 
tium carbonate. 

2HBr  +  SrCO,  -  SrBr,  +  CO,  +  H,0. 

The  dear  solution  is  concentrated  by  evaporation  and  allowed  to 
crystallize. 

Strontium  bromide  occurs  as  deliquescent,  colorless,  odorless, 
transparent,  hexagonal  crystals,  having  a  bitter,  saline  taste.  It  is 
soluble  in  1.05  parts  of  water  at  15®  C.  (59°  F.).  It  is  soluble  in  alcohol, 
but  insoluble  in  ether.  The  crystals  melt  when  heated,  and  lose  all 
their  water.  This  salt,  as  well  as  all  the  salts  of  strontium,  imparts  an 
intense  red  color  to  the  non-luminous  flame.  It  is  used  in  medidne 
in  doses  of  i  gm.  to  20  gm.  per  day. 

Strontium  Iodide,  StrontU  lodidum  (U.  S.  P.).— SrIj.6H,0. 
This  salt  is  prepared  by  saturating  hydriodic  add  with  strontium  car- 
bonate. 

2HI  -f  SrCO,  -  Sri,  +  CO,  +  H,0. 

The  solution  is  then  evaporated  and  allowed  to  crystallize. 

Strontium  iodide  occurs  as  colorless,  odorless,  transparent,  hexag- 
onal plates  having  a  bitterish,  saline  taste.  They  deliquesce  and  turn 
yellow  on  exposure  to  the  air.    The  crystals  are  soluble  in  0.6  part 
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of  cold  water,  are  soluble  in  alcohol,  and  slightly  so  in  ether.  When 
heated  they  melt,  and  gradually  lose  their  water.  At  a  red  heat  they 
decompose,  giving  off  iodine  and  leaving  a  residue  of  strontium  oxide. 
This  salt  is  used  in  medicine. 

Strontium  monoxide,  SrO,  strontium  dioxide,  SrO,,  and  stron- 
tium hydroxide,  SrO^H,,  are  known. 

Strontium  nitrate,  Sr(NO,)2,  prepared  by  dissolving  the  carbon- 
ate in  nitric  add,  has  been  reconmiended  in  articular  rheumatism. 
It  occiurs  as  colorless  crystals,  soluble  in  five  parts  of  water  and  per- 
manent in  the  air. 

Strontium  phosphate,  Sr,(P04)^  a  white,  tasteless  powder,  spar- 
ingly soluble  in  water.  Strontium  acetate,  SrCC^jO,),;  strontium 
carbonate,  SrCO,;  and  strontium  sulphate,  SrSO^,  have  been  some- 
what used  as  medicines.    Strontii  'salicylas  is  oifiaal. 

Strontium  Lactate,  Strontu  Lactas  (U.  S.  P.).— Sr(C^50a)2  •  - 
3H2O.  This  salt  may  be  prepared  by  saturating  a  solution  of  lactic  acid 
with  SrCO,.  It  is  a  white,  granular,  odorless  powder,  having  a  slightly 
bitter,  saline  taste. 

It  is  permanent  in  the  air,  and  soluble  in  four  parts  of  water  at 
15®  C.  (S9°  F.),  and  soluble  in  alcohol.  It  loses  its  water  at  no®  C. 
(230®  F.).  It  has  been  used  in  renal  diseases  associated  with  albumi- 
nuria, and  as  a  teniafuge. 

It  is  given  in  fifteen-  to  forty-grain  doses. 


BARIUM. 

Ba  =»  137.2. 

Barium  is  found  in  nature  in  the  form  of  barite,  BaSO^,  and  also 
as  witherite,  BaCO,. 

The  element  itself  is  not  of  interest  to  the  medical  student. 

Barium  chloride,  BaCl, .  HjO,  is  prepared  by  the  action  of  hy- 
drochloric acid  upon  the  native  carbonate,  using  an  excess  of  the  latter, 
and  allowing  the  mixture  to  stand  a  few  days  to  allow  the  iron  and 
other  metals  to  precipitate.  It  is  used  as  a  reagent  for  soluble  sulphates, 
giving  a  white  precipitate,  insoluble  in  adds  or  water. 

It  has  been  used  in  medicine  as  an  alterative  and  anthelmintic. 

Barium  oxide,  baryta,  BaO,  is  obtained  by  calcining  the  nitrate. 
It  is  a  grayish-white,  caustic  powder,  fusible  in  the  oxyhydrogen  flame. 
It  unites  with  water,  with  the  evolution  of  much  heat,  to  form  the 
hydroxide,  BaHjOj.    This,  dissolved  in  water,  forms  baryta  water. 

Barium  peroxide,  BaO,,  is  a  white  powder,  decomposed  by 
dilute  adds,  with  the  production  of  hydrogen   dioxide.     It  is  the 
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only  official  compound  of  barium.  It  is  made  by  heating  the  oxide 
to  a  red  heat  in  air  or  in  oxygen.  If  the  heat  is  raised  too  high,  the 
oxygen,  which  was  at  first  ateorbed,  is  again  given  ofif. 

aBaO  +  O,  -  aBaO^ 
aBaO,  -  aBaO  +  O^ 

This  power  of  absorbing  oxygen  from  the  air,  and  giving  it  oflF  again 
at  a  higher  temperature,  has  been  used  in  manufactiuing  oxygen. 

It  is  used  in  the  manufacture  of  hjrdrogen  dioxide. 

Barium  nitrate,  BaCNO,),,  forms  ai^ydrous,  octahedral  crystals 
of  the  regular  system,  soluble  in  water,  and  used  as  a  constituent  of 
pale-green  theater  fires. 

Barium  sulphate,  BaSO^,  heavy-spar  or  baiite,  occurs  in  nature, 
both  amorphous  and  in  rhombic  prisms.  Sp.  gr.,  4.6.  It  is  obtained 
as  a  white,  amorphous  powder,  insoluble  in  adds  and  water,  by  the 
action  of  sulphuric  add  upon  other  barium  salts.  It  is  used  as  an 
adidterant  of  white  paint,  Paris  green,  and  a  variety  of  other  com- 
mercial pnxiucts. 

Barium  carbonate,  BaCO,,  occurs  native,  as  witherite.  It  pre- 
dpitates  from  solutions  of  bariiun  salts,  as  a  white,  amorphous  powder, 
when  they  are  treated  with  soluble  carbonates. 

Physiological  Effect  of  Barium  Salts.— All  the  soluble  com- 
pounds of  barium,  as  well  as  those  that  are  converted  into  soluble 
compounds  in  the  stomach,  are  poisonous.  Whenever  a  poisonous 
dose  has  been  taken,  the  patient  should  take  some  soluble  sulphate  (as 
Epsom  or  Glauber's  salt),  followed  by  an  emetic  The  symptoms  of 
poisoning  are:  pain  in  stomach,  prostration,  dilated  pupils;  loss  of 
voice,  si^t,  or  hearing;  excessive  mictiuition,  and  other  very  promi- 
nent nervous  symptoms.  Postmortem,  inflammation  and,  in  most 
cases,  great  friability  of  the  stomach  and,  invariably,  inflammation 
of  the  rectum  are  found. 

Analytical  Reactions  of  Calcium,  Strontium,  and  Barium.— These  three 
metals  form  a  well-defined  group. 

1.  Flame  Reactions. — Caldum  gives  an  orange  color,  strontium  a  red,  and 
barium  a  light-green  color. 

2.  All  three  give  a  white  precipitate  with  ammonium  carbonate. 

To  separate  them  when  precipitated  together  we  may  proceed  as  foUo^: 
Filter  off  the  mixed  carbonates,  wash  with  water,  and  dissolve  the  precipitate  in 
acetic  add.  To  a  portion  of  this  solution  add  a  few  drops  of  a  solution  of  potas- 
sium dichromate.  A  yellow  precipitate  indicates  barium.  Filter,  if  barium  be 
found,  and  add  to  the  filtrate  a  saturated  solution  of  CaSO^.  A  turbidity  indicates 
strontium.  Confirm  by  flame  reaction.  Filter  the  solution  clear,  and  add 
NH4OH  and  ammonium  oxalate.  A  white  precipitate  insoluble  in  acetic  add 
indicates  caldum. 
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•  GROUP  111.— METALS  OF  THE  MAGNESIUM  GROUP. 

Magnesitimy  Mg  —    24.36 
Zinc,  Zn  »    65.4 

Cadmium,      Cd  —  112.4 
Mercury,       Hg  «  200. 

MAGNESIUM. 

Mg  »  34.36. 

Magnesium  was  formerly  classed  with  the  metals  of  the  alkaline 
earths,  but  its  sulphate  is  soluble  and  its  chloride  volatile,  which, 
together  with  its  properties  in  the  free  state,  show  it  to  be  more  closely 
related  to  zinc. 

Occurrence. — ^It  is  found  abtmdantly  in  nature.  Some  of  the 
most  common  minerals  containing  it  are  magnesite,  Mg .  CO,;  kieser- 
ite,  Mg .  SO4 .  H,0;  camaUite,  KCl .  MgCl, .  6H,0;  and  dolomite. 

Dolomite,  an  amorphous  mixture  of  oddum  and  magnesium 
carbonates,  forms  the  so-called  magnesian  limestone.  Asbestos, 
serpentine,  meerschaum,  talc  or  soapstone,  and  hornblende  are  na- 
tive silicates.  Nearly  all  natural  waters  contain  traces  of  the  soluble, 
salts  of  magnesium,  which  impart  hardness  to  them. 

Preparation. — ^It  may  be  obtained  either  by  electrolysis  of  the 
chloride  or  by  heating  the  same  compound  with  sodium. 

It  was  formerly  prepared  by  fusing  the  double  chloride  of  sodium 
and  magnesium  with  metallic  sodium. 

MgCl,  .  NaCl  +  Na,  -  aNaCl  +  Mg. 

It  is  now  generally  prepared  by  the  electrolysis  of  the  fused  chlo- 
ride or  the  native  camallite. 

The  electrolysis  is  conducted  in  a  steel  vessel,  which  is  made  the 
negative  pole,  and  the  positive  pole  is  made  of  gas-retort  carbon.  The 
current  is  supplied  by  a  powerful  d3mamo,  and  a  current  of  hydrogen 
is  led  into  the  chamber  during  the  r^uction  to  prevent  oxidation  of  the 
metal.    It  is  purified  by  distillation  in  an  atmosphere  of  hydrogen. 

Properties. — Magnesium  is  a  brilliant  white,  very  tenacious,  and 
ductile  metal,  of  a  sp.  gr.  of  1.75.  It  fuses  at  a  dull  red  heat,  and 
distils  at  a  bright  red  heat.  It  oxidizes  but  slightly  in  the  air  at  or- 
dinary temperatures,  but,  when  heated,  it  bums  with  an  intensely 
brilliant  bluish-white  light,  owing  to  the  incandescence  of  the  mag- 
nesium oxide  formed  in  the  burning.  The  flame  of  burning  magnesium 
is  rich  in  chemically  active  or  actinic  rays;  hence  it  is  much  employed 
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for  photographing  in  dark  caves  and  subterranean  chambers.  It  com- 
bines directly  with  chlorine,  sulphur,  phosphorus,  arsenic,  and  nitro- 
gen, but  not  with  argon.  It  is  soluble  in  dilute  adds,  but  not  in  alka- 
lies.   It  is  slowly  oxidized  by  boiling  water. 

Magnesium  chionde,  MgCl,,  exists  in  small  quantities  in  many 
mineral  springs  and  in  sea-water,  to  which  it  imparts  a  bitter  taste. 
It  may  be  obtained  by  dissolving  the  carbonate  or  oxide  in  hydrochloric 
add.  It  forms  deliquescent  crystals,  isomorphous  with  caldum  chlpride, 
containing  six  molecules  of  H^O.  The  anhydrous  chloride  is  one 
of  the  most  deliquescent  substances  known. 

Magnesiom  oxide,  calcined  magnesia,  magnesii  ozidtmi 
(U.  S.  P.),  MgO,  is  formed  by  the  combustion  of  ^e  metal,  or  by 
the  ignition  of  the  carbonate,  hydroxide,  or  nitrate.  It  is  a  very  light, 
white  powder,  without  odor  or  taste,  and  has  a  feeble  alkaline  reaction. 
It  is  soluble  in  dilute  adds. 

A  compact  variety,  prepared  by  heating  the  nitrate  or  chloride  to  bright  red- 
ness, and  no  higher,  exhibits  remaricable  hydraulic  properties.  If  moistened  with 
water  to  a  paste,  it  quickly  hardens  to  a  compact  white  solid,  of  great  hardness 
and  durabihty.  If  it  be  mixed  with  an  equal  part  of  marble  dust  or  chalk,  and 
moistened,  it  may  be  molded  into  any  desired  shape,  and  on  being  placed  in  water 
it  "  sets''  into  an  extremely  hard  mass.  It  has  been  used  as  a  mhng  for  decayed 
teeth. 

Magnesia  levis  (Br.),  light  magnesia,  and  magnesia  ponderosa 
(Br.),  magnesii  oxidum  ponderosum  (U.  S.  P.),  or  heavy  magnesia, 
do  not  differ  in  chemical  composition,  but  differ  merely  in  their  physical 
condition. 

Magnesium  hydroxide,  Mg(HO)2,  is  formed  from  any  soluble 
magnesium  salt  by  predpitating  with  sodium  or  potassium  hydroxide. 
It  is  almost  insoluble  in  water  and  alkalies,  but  soluble  in  ammonium 
salts,  with  the  formation  of  double  salts.  A  mixture  holding  it  in 
suspension  in  water,  known  as  milk  of  magnesia,  is  used  in  medi- 
dne  as  a  laxative  and  as  an  antidote  for  add  poisons. 

Magnesium  sulphate,  Epsom  salt,  magnesii  sulphas  (U.  S. 
P.,  Br.),  (MgSOJ  .  7H2O,  is  found  in  solution  in  sea-waters  and  in 
many  mineral  springs,  espedally  those  belonging  to  the  class  of  bitter 
waters. 

It  is  prepared  by  the  action  of  sulphuric  add  upon  magnesium  car- 
bonate. At  ordinary  temperatiures  it  crystallizes  with  7H3O,  in  four- 
sided  rhombic  prisms,  which  are  very  readily  soluble  in  water.  When 
heated,  it  fuses  and  parts  with  its  water  of  crystallization  up  to  132°  C. 
(269.6^  F.),  when  it  has  lost  all  but  one  molecule;  this  it  finally  parts 
with  when  heated  to  200*^  C.  (392°  F.).  One  molecule  of  water, 
therefore,  is  naore  closely  combined  than  the  rest.     That  is  known 
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as  the  water  of  constitution,  to  distinguish  it  from  the  water  of 
crystallization.  Magnesii  sulphas  effervescens  (Br.)  is  a  granular 
powder  composed  of  MgSO^,  HNaCO,,  tartaric  and  dtric  acids,  and 
cane-sugar. 

Magnesium  Phosphates. — These  resemble  the  caldum  phos- 
phates, which  they  generally  accompany  in  the  animal  body,  though 
usually  existing  in  smaller  quantities.  Magnesium  also  forms  double 
phosphates,  one  of  which,  the  ammonio-magnesium  phosphate, 
or  triple  phosphate,  MgNH^PO^ .  6H,0,  is  precipitated  when  an 
excess  of  an  alkaline  phosphate  and  of  ammonia  is  added  to  a  solution 
containing  magnesium.  When  the  urine  becomes  ammoniacal  from 
the  decomposition  of  urea,  this  salt  is  precipitated,  as  urine  always 
contains  alkaline  phosphates  and  magnesium  salts.  Being  practicaUy 
insoluble,  especially  in  the  presence  of  excess  of  ammonium  hydroxide, 
it  is  usually  deposited  from  the  urine  as  a  sediment,  in  the  shape  of 
modified  right  rhombic  prisms,  which,  under  the  microscope,  resemble 
the  shape  of  a  cofi&n-lid.  This  sometimes  takes  place  in  the  bladder,  and 
if  some  body  is  present  that  will  act  as  a  nucleus,  a  so-called  fusible 
calculus  may  form. 

Magnesium  carbonate,  neutral  carbonate,  MgCOg,  occurs  in 
nature  as  magnesite,  and,  combined  with  calcium  carbonate,  in 
dolomite.  On  adding  an  alkaline  carbonate  to  an  aqueous  solution 
of  a  magnesium  salt,  magnesium  carbonate  is  not  produced,  as  most 
other  carbonates  would  be  under  similar  circumstances,  but  some 
carbon  dioxide  escapes,  and  a  white  precipitate  falls,  which  is  a  mixture 
of  magnesium  carbonate  and  hydroxide,  or  magnesia  alba.' 

Tetramagnesium  carbonate,  magnesia  alba,  magnesii  carbonas 
(U.  S.  P.,  Br.),  4MgCO, .  MgHjO,  -f  sH,0,  occurs  in  conunerce  in 
Ught,  white  cubes,  composed  of  an  amorphous  or  partly  crystalline 
powder.  It  is  prepared  by  precipitating  a  solution  of  magnesium 
sulphate  with  one  of  sodium  carbonate.  A  hot  concentrated  solution 
should  be  used,  and  the  liquid  boiled  after  precipitation.  This  com- 
pound varies  in  constitution  according  to  the  length  of  time  that  the 
boiling  has  continued  and  the  presence  or  absence  of  excess  of  sodium 
carbonate.  Two  varieties  are  officially  recognized:  Magnesii  car- 
bonis  levis  and  magnesii  carbonas  ponderosus  (Br.).  It  is  very 
slightly  soluble  in  water,  but  quite  soluble  in  solutions  of  ammonium 
chloride.  It  is  slightly  soluble  in  water  saturated  with  CO^  Liq. 
magnesia  carbonatis  (Br.)  is  a  solution  of  the  add  carbonate,  MgH,- 
(CO,),,  prepared  by  treating  magnesium  carbonate  in  suspension  in 
water  with  COj  under  pressure. 

Magnesii  sulphas  effervescens  (U.  S.  P.)  is  a  granular  salt  con- 
dsting  of  sulphate  of  magnesium  with  tartaric  and  dtric  adds  and  some 
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sodium  bicarbonate.  When  dissolved  in  water  it  effervesces  copiously, 
carbon  dioxide  being  evolved.  It  has  a  mildly  acidulous  and  refresh- 
ing taste.  Liquor  magnesii  citratis  (U.  S.  P.,  Br.)  is  the  ordinary 
solution  of  citrate  of  magnesia  used  as  a  iaxative. 


ZINC. 

Zn  •■  65^ 

Occurrence. — ^The  native  compounds  of  the  heavy  metals  are 
termed  ores.  The  most  common  zinc  ores  are  Smithsonite,  ZnCO,, 
calamine  (silicate) ,  and  sphalerite  or  blende,  ZnS.  These,  like 
nK>st  ores,  have  a  high  specific  gravity,  and  are  usually  found  in  veins 
in  the  older  crystalfine  rocks.  The  principal  localities  are  Silesia, 
England,  Belgium,  Poland,  and  the  United  States. 

Preparation. — ^To  obtain  the  metal,  one  of  its  ores,  usually  the 
carbonate  or  sulphide,  is  converted  into  an  oxide  by  roasting  at  a  high 
temperature. 

Roasting,  in  metallurgical  processes,  consists  in  heating  the  substance  in  a 
furnace  with  a  free  supply  of  air.  This  is  usually  done  in  a  reverberatory  furnace. 
Roastinff  is  done  as  a  preliminary  treatment  of  ores  to  drive  o£F  moisture,  sulphur, 
carbon  dioxide,  or  other  volatile  constituent 

The  oxide  obtained  by  roasting  the  ores  is  mixed  with  carbon  and 
ignited  in  cylindrical  earthenware  retorts,  to  reduce  the  oxide: 

ZnO  +  C  -  Zn  +  CO. 

The  free  zinc  mixed  with  some  oxide  distils  off  and  is  condensed  in 
iron  receivers,  as  a  gray  powder  known  as  "zinc  dust."  When  this 
powder  is  fused  it  forms  the  spelter  of  commerce,  and  contains  various 
impurities,  such  as  iron,  lead,  arsenic,  sulphur,  and  cadmium. 

Zinc  is  piuified  by  subjecting  it  to  a  second  distillation.  This  is 
generally  conducted  in  a  covered  vertical  retort,  which  is  provided 
with  a  tube,  which  passes  through  its  bottom.  The  upper  end  of  this 
tube  reaches  nearly  to  the  top  of  the  retort,  and  its  lower  extremity  is 
just  above  a  vessel  of  water.  When  the  zinc  is  heated  in  this  retort, 
it  volatilizes  and  passes  down  the  tube,  and  is  condensed  in  the  water. 
This  method  is  known  as  "distillation  per  decentum." 

Properties. — ^It  is  a  bluish-white  metal,  roughly  aystalline  or 
granular;  its  sp.  gr.  is  6.862,  if  cast;  7.215,  if  rolled.  It  is  brittle 
at  ordinary  temperatures,  and  can  be  pulverized;  at  100®  C.  (212*^  F.) 
to  150®  C.  (302®  F.)  it  is  malleable  and  ductile,  and  may  be  rolled 
into  thin  sheets.  At  200®  C.  (392®  F.)  it  again  becomes  brittle.  It 
fuses  at  412°  C.  (773°  F.)  and  distils  at  1040°  C.  (1904*^  F.).    In  moist 
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air  it  becomes  coated  with  a  thin  layer  of  basic  carbonate.  When 
heatai  in  the  air,  it  bums  with  a  very  intense  bluish-white  light,  with 
the  formation  of  the  oxide.  It  dissolves  readily  in  dilute  adds,  with  the 
evolution  of  hydrogen.  Concentrated  sulphuric  acid  does  not  dissolve 
zinc  It  is  soluble  in  sodium,  potassium,  and  ammonium  hydroxides. 
On  account  of  the  slight  action  of  the  air  upon  it,  zinc  meets  with 
extensive  application  in  architecture  and  for  galvanizing  or  coating  iron. 
Zinctim  is  official  in  the  U.  S.  P.  in  the  form  of  thin  sheets,  or  granular 
pieces,  or  molded  into  pencils,  or  in  powder  form.  Granulated  zinc  is 
made  by  melting  the  metal  and  pouring  it  into  water. 

Zinc  chloride^  butter  of  zinc,  zinci  chloridum  (U.  S.  P.,  Br.), 
ZnClj,  is  obtained  by  heating  zinc  in  a  stream  of  chlorine,  by  dissolving 
zinc  in  hydrochloric  acid,  and  by  the  distillation  of  zinc  sulphate  with 
calcium  chloride.  It  forms  a  soft,  white  mass,  which  is  very  deliques- 
cent,  is  fusible  and  volatile.  It  is  extremely  soluble  in  water  and  freely 
so  in  alcohol.  The  solution  has  a  burning,  metallic  taste,  destro)ring 
animal  and  vegetable  tissues,  and  possesses  strong  dehydrating  proper- 
ties. It  forms  a  series  of  double  salts.  The  double  chloride  of  zinc  and 
ammonium  is  sometimes  used  to  cleanse  the  surface  of  metab  to  be 
soldered. 

Zinci  bromidum  (U.  S.  P.),  ZnBrj,  may  be  made  by  dissolving  zinc 
in  hydrobromic  add,  or  by  the  direct  combination  of  zinc  and  bromine. 

aZn  +  4HBr  -  aZnBr,  +  2H,. 

It  is  a  white,  granular  powder,  having  no  odor,  but  a  sharp,  metallic 
taste,  very  soluble  in  water  and  in  alcohol,  and  very  deliquescent. 
Zinci  iodidum  (U.  S.  P.),  Znl,,  may  be  made  by  digesting  small 
fragments  of  zinc  in  water  containing  some  iodine,  or  by  dissolving 
zinc  carbonate  or  oxide  in  hydriodic  add; 

ZnO  +  2HI  -  Znl,  +  H,0. 

The  solution  is  filtered  through  powdered  glass  and  evaporated.  It 
is  a  deliquescent,  granular,  white,  odorless  powder.  It  is  soluble  in 
water  and  in  alcohol. 

Zinci  phosphidtmiy  Zn^P,,  is  made  by  passing  the  vapor  of 
phosphorus  over  fused  zinc  in  a  current  of  dry  hydrogen  gas.  It 
is  a  dark,  gray-colored,  gritty  powder,  or  fragments.  It  has  a 
metallic  luster  and  a  faint  odor  of  phosphorus  hydride.  It  is  insol- 
uble in  water  or  alcohol.  It  dissolves  in  HCl,  with  evolution  of  phos- 
phorus hydride. 

Zinc  oxide,  zinci  oxidum  (U.  S.  P.,  Br.),  ZnO,  may  be  prepared 
by  igniting  the  predpitated  basic  carbonate,  or  by  burning  the  metal 
in  a  current  of  air.    When  obtained  in  the  former  way,  it  forms  a  soft. 
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white,  tasteless,  and  odorless  powder.  When  produced  by  burning  the 
metal,  it  occurs  as  a  white,  voliuninous,  flocculent  mass,  formerly 
called  Acres  zinci  or  lana  philosophica.  It  neither  fuses,  volatilizes, 
nor  decomposes  by  heat,  and  is  insoluble  in  neutral  solvents.  It  is  used 
in  the  arts  as  a  white  pigment,  and  is  not  darkened  by  hydrogen  sulphide, 
as  is  white  lead. 

Zinc  hydroxide,  Zn(OH)^  is  formed  as  a  white,  amorphous 
powder,  by  precipitating  an  aqueous  solution  of  a  zinc  salt  by  alkaline 
hydroxides.  It  is  soluble  in  an  excess  of  the  alkaline  hydroxides 
and  in  solutions  of  ammonium  salts.  When  heated,  it  decomposes 
into  zinc  oxide  and  water. 

Zinc  sulphate,  white  vitriol,  zinci  sulphas  (U.  S.  P.,  Br.), 
ZnSO^ .  yHjO,  is  formed  by  dissolving  zinc,  or  its  oxide,  sulphide,  or 
carbonate,  in  sulphuric  acid. 

Zn,  +  2H^04  -  2Z11SO4  +  aHy 

ZnO  +  HiO^  -  ZnSO^  +  H,0. 

ZnCO,  +  H^0«  -  ZnSO^  +  CO,  +  H,0. 

At  temperatures  below  30**  C.  (86°  F.)  it  crystallizes  with  7  Aq.;  at 
30°  C.  (86**  F.),  with  6  Aq.;  between  40°  C.  (104*^  F.)  and  50°  C.  (122** 
F.),  with  5  Aq.  The  most  common  salt  is  that  with  7  Aq.,  which  occurs 
in  rhombic  crystals  resembling  magnesium  sulphate,  and  is  freely 
soluble  in  water.  It  is  used  in  medicine  as  an  emetic  and  astringent. 
Zinci  acetas  (U.  S.  P.,  Br.),  Zn(C^,0,), .  2H3O,  is  made  by 
dissolving  the  carbonate  or  oxide  of  zinc  in  diluted  acetic  add,  evap- 
orating, and  crystallizing. 

ZnO  +  2HC,H,0,  -  ZnCCftOJ,  +  H,0. 

It  occurs  as  soft,  white  tablets  or  scales,  having  a  pearly  luster,  a  faint 
odor  of  acetic  add,  and  a  sharp,  metallic  taste.  It  is  soluble  in  2.7 
parts  of  water  at  15°  C.  (59*^  F.),  in  1.5  parts  of  boiling  water,  and  in  36 
parts  of  alcohol. 

Zinci  phenolsulphonas  (U.  S.  P.),  zinci  sulphocarbolas  (Br.), 
Za(pC^4tiSO^  .  H,0  is  made  by  saturating  a  solution  of  sulpho- 
carbolic  add  with  zinc  oxide. 

It  occurs  as  colorless,  transparent,  tabular  crystals,  soluble  in  2 
parts  of  water  and  in  2.5  parts  of  alcohol.  It  is  used  internally  as  an 
antifermentative. 

Zinc  valerate,  zinci  valeras  (U.  S.  P.),  zinci  valerianas  (Br.), 
7ii(CJS^0^2  •  2H,0,  occurs  as  white,  pearly  scales,  having  a  strong 
odor  of  valerianic  add  and  a  peculiar,  sweet,  styptic,  metallic  taste. 
It  decomposes  on  exposure  to  the  air,  giving  off  valerianic  add.  It  is 
made  by  mixing  hot  solutions  of  sodium  valerianate  and  zinc  sulphate, 
and  allowing  the  zinc  valerate  to  crystallize  out. 
t8 
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Zinc  carbonate,  zinci  carbonas  prsecipitatus  (U.  S.  P.),  zinci 
carbonas  (Br.). — ^This  salt  is  made  by  mixing  a  boiling  solution  of 
sodium  carbonate  with  a  boiling  solution  of  zinc  sulphate.  Mutual 
decomposition  takes  place,  and  a  basic  zinc  carbonate  is  precipitated. 

SZnSO,  +  sNa^CO,  +  3H,0  -  ^'^^Pf^^^'^j^^^^'^  5Na,SO,  +  aCO^ 

The  precipitate  is  washed  with  hot  water  and  dried. 

It  is  a  white,  odorless,  and  tasteless  impalpable  powder,  insoluble 
in  water  or  alcohol,  and  of  variable  chemical  composition.  The  com- 
position of  the  precipitate  varies  according  to  the  temperature  used. 

Toxicology. — The  compounds  of  zinc  that  are  soluble  in  the 
digestive  fluids  are  all  irritant  poisons.  Solutions  of  the  chloride 
(used  by  tinsmiths,  in  embalming,  and  as  a  disinfectant  in  Burnett's 
fluid)  are  also  very  corrosive.  The  antidotes  are  alkaline  carbonates, 
soap,  albumin,  and  mucilage.  Solutions  containing  sodium  chloride 
or  organic  acids  act  as  solvents  of  metallic  zinc;  consequently,  symp- 
toms of  poisoning,  more  or  less  marked,  are  apt  to  follow  the  eating 
of  acid  fruits  that  have  been  kept  in  vessels  of  galvanized  iron.  On 
this  account,  specimens  intended  for  analysis,  in  case  of  supposed 
poisoning,  should  never  be  placed  in  jars  closed  by  zinc  caps. 

Tests.— With  alkaline  hydroxides  and  carbonates,  solutions  of  ^nc  give 
a  white  precipitate,  soluble  in  an  excess  of  the  reagent;  with  ammonium  sul- 
phydrate  or  sulphydric  acid,  in  neutral  or  alkaline  solutions,  a  white  sulphide; 
with  potassium  ferrocyanide,  a  yellowish-white  precipitate,  insoluble  in  diluted 
hydrochloric  acid. 

CADMIUM. 

Cd  =»  lu. 

Occurrence,  Preparation,  Properties,  etc. — ^It  is  a  comparatively  rare 
metal,  often  accompanying  zinc  in  its  ores.  Being  more  volatile  than  its  associate* 
it  comes  off  first  in  the  process  of  distilling  zinc  mm  its  ores.  It  is  a  soft,  white* 
tenacious  metal,  of  sp.  gr.  8.6.  It  alters  but  little  in  the  air  at  ordinary  tem- 
peratures. When  heated,  it  burns,  with  the  formation  of  the  oxides,  as  .a  brown 
smoke.  It  dissolves  with  diflficulty  in  sulphuric  and  hydrochloric  adds,  but  readily 
in  nitric  acid. 

Cadmium  Compounds. — ^These  are  not  very  numerous  or  imiportant.  As 
the  element  is  bivalent,  they  all  have  the  general  formula  CdR,.  The  principal 
ones  are:  cadmium  hydroxide,  Cd(OH)|;  cadmium  oxide,  CdO;  cadmium 
chloride,  CdCl,;  cadmium  iodide,  Cdl,;  cadmium  sulphate,  CdSO^;  and  cadmium 
sulphide,  CdS.    The  latter  is  found  native  in  the  mineral  greenoodte. 

Cadmium  iodide  and  bromide  are  used  in  photography.  Cadmium  iodide* 
dissolved  in  an  excess  of  potassium  iodide  solution,  is  used  as  a  general  reagent 
for  alkaloids.  The  metal  enters  into  the  composition  6f  several  alloys  which  ar? 
used  for  filling  teeth,  such  alloys  having  a  low  fusing  point. 
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MERCURY  (Hydrargyrum). 

(QUICKSILVER.) 
He  »  aoo. 

Occttrrence. — Mercury  occurs  in  nature  principally  as  cinnabar^ 
HgS,  or,  rarely,  in  the  form  of  small  particles  of  metal  scattered  through 
rocks.    It  is  found  in  Spain,  Peru,  China,  Japan,  California,  and  Mexico. 

Preparation. — ^The  nj^ve  sulphide,  or  cinnabar,  is  roasted  in 
reverberatory  furnaces,  thus  burning  out  -the  sulphur  and  distilling 
off  the  mercury.  Or,  it  is  sometimes  simply  heated  in  a  retort  with 
iron,  which  combines  with  the  sulphur  and  sets  free  the  mercury, 
which  distils  over.  Commercial  mercury  usually  contains  small 
quantities  of  other  metals,  owing  to  its  great  tendency  to  form  alloys 
called  amalgams.  To  remove  these  it  is  redistilled,  or  treated  with 
very  dilute  adds,  by  pouring  it  in  a  thin  stream  into  them.  When  pure, 
mercury  pours  from  a  glass  surface  without  leaving  a  streak — i.  e.y 
the  single  droplets  retain  their  globular  form,  and  do  not  form  a  tail 
or  adhere  to  the  glass. 

Properties. — The  ordinary  form  of  mercury  is  the  only  metal  which 
is  liquid  at  ordinary  temperatures.  Its  sp.  gr.  is  13.596.  At  — 40^  C. 
( — 40*^  F.)  it  solidifies  and  crystallizes  in  octahedra.  It  is  somewhat 
volatile  at  ordinary  temperatures,  and  boils  at  360®  C.  (680^  F.).  Its 
vapor  has  a  density  of  99.25  and  a  sp.  gr.  of  6.97  (air  =  i).  Its  molec- 
ular weight,  therefore,  is  198.5;  and  as  its  atomic  weight  is  also  198.5, 
its  molecule,  like  that  of  cadmium,  is  composed  of  one  atom.  If  pure, 
and  at  ordinary  temperatures,  it  is  not  altered  in  the  air,  but  at  a  tem- 
perature near  the  boiling  point  it  becomes  coated  with  a  thin  film  of 
mercuric  oxide.  Hot  sulphuric  add  converts  it  into  mercuric  sulphate, 
with  the  evolution  of  sulphur  dioxide.  It  dissolves  readily  in  dilute 
nitric,  but  not  in  hydrochloric  add. 

Colloidal  mercury  is  an  allotropic  form  of  the  metal,  said  to  be 
produced  by  mixing  dilute  solutions  of  mercurous  nitrate,  stannous 
nitrate,  and  ammonium  nitrate.  It  is  a  silvery,  glistening  solid,  soluble 
in  water,  forming  a  deep-brown  solution. 

Mercury  alloys  with  and  dissolves  all  metals  except  iron,  to  form 
amalgams.    Tin  amalgam  is  used  for  coating  mirrors. 

Mercury  forms  two  series  of  compounds,  the  mercurous  and 
mercuric  The  mercurous  are  less  stable,  and  contain  a  larger  per- 
centage of  the  metal.  They  are  less  soluble,  and  consequently  less 
poisonous. 

Mercuric  Mercurooi.  Mercuric.  Mercurous. 

HgO  HfeO  Hgl,  Hfol, 

HgS  HfoS  Hg(NO,),  Hfe(NO0, 

HgCl,  Hg,a,  HgSO,  H&SO, 
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KEBCUROUS  COMPOUAJOS. 

Mercoretit  chloride,  potodiloride,  mild  chloride,  calomel, 
hydrargyri  chloridmn  mite  (U.  S.  P.),  hydrargyri  subdiloridmn 
(Br.),  HgCl  or  Hg,Cl^  is  usually  prepared  by  the  mutual  decomposi- 
tion of  sodium  diloride,  mercuric  sulphate,  and  mercury.  After  mixing 
thoroughly  in  a  mortar,  the  mixture  is  heated,  when  the  calomel  sub- 
limes. 

HgSO«  -I-  aNaa  +  Hg  -  Na^«  +  HfeCl, 

By  this  method  mercuric  chloride  is  also  formed  in  varying  quan- 
tities, and  should  be  removed  by  washing  the  product  with  boiling 
distilled  water,  until  the  washings  no  longer  form  a  precipitate  with 
ammonium  hydroxide. 

Mercuric  chloride  may  be  detected  in  calomel  by  Its  forming  a 
black  stain  upon  a  bright  iron  surface  dipped  in  a  mixture  of  calomel 
and  alcohol;  or  by  the  production  of  a  black  stain  by  hydrogen  sulphide 
in  water  that  has  been  filtered  through  cak>mel  so  contaminated. 
Calomel  crystallizes,  when  sublimed,  in  radiating,  quadratic  prisms; 
but  if  precipitated  from  solutions  of  mercurous  salts  by  hydrochloric 
acid,  it  forms  a  heavy,  white,  impalpable,  amorphous  powder.  When 
heated  to  about  500**  C.  (932°  F.),  it  sublimes  without  fusing,  is  insoluble 
in  cold  water  and  alcohol,  and  dissolves  in  boiling  water  to  the  extent  of  i 
part  in  12,000.  If  boiled  for  a  long  time  with  water,  it  partly  decom- 
poses, mercury  being  deposited  and  mercuric  chloride  passing  into 
solution.  Strong  adds  convert  it  into  mercuric  salts  and  free  mercury. 
With  ammonium  hydroxide  it  blackens,  with  the  formation  of  mercu- 
rous amidogen  chloride. 

HfoCl,  +  2NH,OH  -  NH^Cl  +  NH,Hg,Cl  +  aH^O. 

Hydrochloric  add  and  alkaline  chlorides  convert  it  into  mercuric 
chloride;  this  may  occur  in  the  stomachs  of  persons  who  use  large 
quantities  of  salted  food,  as  on  board  ship.  Alkaline  Iodides  convert 
it  into  mercurous  iodide,  which  is  then  decomposed,  by  an  excess  of 
the  alkaline  iodides,  into  mercuric  iodide  and  mercury. 

Mercurous  iodide,  protiodide  or  yellow  iodide,  hydrargyri 
iodidum  flavum  (U.  S.  P.),  Hgl  or  Hg^Ij,  is  prepared  by  triturate 
ing  200  parts  of  mercury  with  127  parts  of  iodine  and  a  little  alcohol, 
until  a  green  paste  is  formed.  It  may  also  be  prepared  by  predpita. 
tion  from  a  solution  of  Hgj(NO,),  with  KI. 

Hg^NOJ,  +  2KI  -  HgA  +  aKNO^ 

It  is  a  bright  yellow,  amorphous  powder,  insoluble  in  water  and  in 
alcohol.    It  turns  brown  and  volatilizes  when  heated.    Light  decom^ 
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poses  it  into  mercuric  iodide  and  mercury.  When  moderately  heated, 
it  becomes  red,  but  upon  cooling  it  resumes  again  its  yellow  color. 
But  when  strongly  heated  it  is  decomposed  into  the  red  mercuric 
iodide  and  mercury. 

Mercurous  oxide,  protoxide,  or  black  oxide,  Hg,0,  is  formed 
by  the  action  of  sodiimi  hydroxide  upon  mercurous  salts. 

Hfe(NO^,  +  2NaOH  -  Hg,0  +  aNaNO,  +  H,0, 

It  is  a  brownish-black,  tasteless  powder,  which  sunlight  decomposes 
into  mercuric  oxide  and  merciuy.  Mineral  adds  convert  it  into  the 
corresponding  mercurous  salts.  It  exists  in  the  lotio  hydrargjrri 
nigra  (Br.),  lotio  nigra  (N.  F.),  or  black  wash.  This  is  made 
by  adding  calomel  to  lime-water,  in  the  proportion  of  one  drachm  of 
calomel  to  one  pint  of  lime-water. 

HfeCl,  +  Ca(OH),  -  HfoO  +  CaCl,  +  H,0. 

Mercurous  nitrate,  HgNO,  or  Hgj(NO,)^  is  formed  by  digesting 
an  excess  of  mercury  with  a  somewhat  diluted  nitric  add,  untU  short 
pnanatic  crystals  separate. 

6Hg  +  8HNO,  -  3Hg,(NO^  +  4H,0  +  N.O^ 

The  oystals  effloresce  in  the  air.  Water  decomposes  this  salt  into 
the  add  salt,  which  goes  into  solution,  and  basic  mercuric  nitrate, 

OH 

Hg<  j^Q  ,  which  separates  as  a  yellow  powder.    Water  addulated  with 

nitric  add  dissolves  it,  but  it  soon  oxidizes  and  becomes  mercuric 
nitrate.  By  adding  metaUic  mercury  to  the  solution,  this  oxidation 
is  prevented  to  a  certain  extent,  or,  after  oxidation,  it  reduces  it  again 
to  the  mercurous  state. 

Hg(NO0,  +  Hg  -  Hg^NO^,. 

Mercurous  sulphate,  Hg^04,  is  formed  by  gently  warming  an 
excess  of  mercury  with  sulphuric  add.  It  separates  as  a  yellow,  crys- 
talline predpitate  when  sulphuric  add  is  added  to  a  solution  of  mer- 
curous nitrate. 

MERCURIC  COMPOUNDS. 

In  these,  mercury  is  bivalent.  They  are  represented  by  the  formula 
HgR).  The  mercuric  compounds  are  always  formed  when  mercury 
is  dissolved  in  an  excess  of  add.  When  the  opposite  is  the  case,  the 
ous  compounds  are  formed.  The  addition  of  metallic  mercury  to  the 
mercuric  compounds  converts  them  into  mercurous  compounds,  while 
oxidizing  agents  produce  the  opposite  efifect. 

Mercuric  chloride,  bichloride  of  mercury,  corrosive  subli- 
mate, hydrargyri  chloridum  corrosivum  (U.  S.  P.),  hydrargyri 
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perchloridtim  (Br.),  HgClj,  may  be  produced  by  dissolving  mer- 
curic oxide  in  hydrochloric  add. 

It  is  prepared  on  a  large  scale  by  subliming  a  dried  mixture  of 
mercuric  sulphate  and  sodium  chloride. 

HgSO^  +  2NaCl  -  HgCl,  +  Na^O^. 

When  sublimed,  it  crystallizes  in  rectangular  octahedra.  When  crys- 
tallized from  its  solutions,  it  forms  fine,  right  rhombic,  needle-like 
prisms.  At  ordinary  temperatures  it  dissolves  in  sixteen  parts  of 
water,  and  at  loo®  C.  (212®  F.)  in  three  parts;  it  is  still  more  soluble 
in  alcohol.  It  dissolves  freely  in  hot  hydrochloric  acid,  which  solution 
gelatinizes  on  cooling.  Its  sp.  gr.  is  5.4.  In  aqueous  solution  it  tends 
to  reduce  to  calomel.  Sodium  or  ammonium  chloride  prevents  this 
change.  Zinc,  cadmium,  nickel,  iron,  lead,  copper,  and  bismuth 
remove  most  of  its  chlorine,  reducing  it  either  to  metallic  mercury  or 
to  calomel.  Sulphuric,  nitric,  and  hydrochloric  acids  all  dissolve  it 
without  decomposition.  When  its  aqueous  solution  is  treated  with  an 
alkaline  hydroxide,  or  alkaline  earth,  a  yellow  precipitate  of  mercuric 
oxide*  HgO,  is  formed. 

This  is  formed  in  lotio  flava  (N.  F.),  or  yellow  wash, — ^aqua 
phagedaenica  of  the  older  writers, — ^which  is  made  by  mixing  thirty 
grains  of  mercuric  chloride  with  a  pint  of  lime-water.  Mercuric 
chloride  prevents  putrefaction.  It  is  an  excellent  antiseptic  in  aqueous 
solutions,  but  decomposes  in  contact  with  blood  or  serum,  forming  an 
albuminate  of  mercury.  It  is  used  to  disinfect  the  hands,  etc.,  before 
surgical  operations.  Its  solution  is  used  for  preserving  and  harden- 
ing anatomical  specimens.  With  albumin,  it  forms  a  white  precipitate, 
insoluble  in  water,  but  soluble  in  excess  of  albumin  solution  or  in 
solutions  of  alkaline  chlorides. 

Mercurammonium  chloride^  white  precipitate,  ammoniated 
mercury,  hydrargyrum  ammoniatum  (U.  S.  P.,  Br.),  NHjHgCl, 
is  thrown  down  as  a  heavy,  white  precipitate,  by  adding  a  slight 
excess  of  ammonium  hydroxide  to  a  solution  of  mercuric  chloride. 

HgCL,  +  2NH^OH  «  NHj^gCl  +  NH,Cl  +  2H,0. 

This  salt  is  sometimes  called  "  amidochloride  of  mercury," 
and  may  be  looked  upon  as  a  compound  of  mercury,  chlorine,  and 
amidogen,  NH,. 

Ammoniated  mercury  occurs  in  white,  pulverulent  pieces,  or  in 
powder.  It  has  no  odor,  but  an  earthy,  metallic  taste.  It  is  used 
in  the  official  unguentum  hydrargyri  ammoniati.  It  is  insoluble 
in  alcohol,  ether,  and  cold  water.  Hot  water  decomposes  it,  with 
the  separation  of  a  heavy  yellow  powder.    It  sublimes  without  fusing. 
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Mercuric  iodide,  biniodide,  or  red  iodide,  hydrargyri  iodi- 
dtim  rubrum  (U.  S.  P.,  Br.),  Hgl,,  is  formed  when  solutions  of  mer- 
curic chloride  and  potassium  iodide  are  mixed. 

HgCl,  +  2KI  -  Hgl,  +  2KCI. 

A  double  decomposition  takes  place,  and  the  mercuric  iodide  separates 
as  a  yellow  precipitate,  which  immediately  turns  bright  red.  It  is 
sparingly  soluble  in  water,  but  freely  soluble  in  solutions  of  KL  and 
alcohol,  forming  clear  solutions.  It  also  dissolves  in  many  dilute 
adds,  and  in  solutions  of  ammonium  salts,  alkaline  chlorides,  and 
mercuric  salts.  From  its  alcoholic  solution  it  crystallizes  in  bright 
red,  rhombohedral  crystals*  When  heated,  it  becomes  yellow,  fuses, 
and  sublimes  in  yellow,  shining,  rhombic  needles.  These  again 
become  red  upon  touching  them  with  some  solid,  and  are  changed 
into  a  mass  of  octahedra.  Mercuric  iodide  is,  therefore,  dimorphous. 
Hgl,  enters  into  the  composition  of  Donovan's  solution. 

Mercuric  oxide,  red  oxide  or  binoxide,  hydrargjrri  oxidum 
flavum  (U.  S.  P.,  Br.),  hydrargyri  oxidum  rubrum  (U.  S.  P.,  Br.), 
HgO,  is  obtained  by  igniting  mercurous  or  mercuric  nitrate  as  long 
as  fumes  are  given  off: 

2Hg(NOJ,  -  aHgO  +  2N,0,  +  O,; 

or,  by  adding  sodiimi  hydroxide  to  a  solution  of  a  mercuric  salt: 
HgCl,  +  2NaOH  -  HgO  +  2KCI  +  H,0. 

The  product  obtained  by  the  first  method  is  red  and  crystalline,  of 
sp.  gr.  1 1.2;  that  obtained  by  precipitation  is  yellow  and  amorphous. 
The  latter  is  the  more  active  form.  Both  modifications  turn  black 
when  exposed  to  the  light  and  air.  At  400°  C.  (752°  F.)  they  break 
up  into  mercury  and  oxygen.  Mercuric  oxide  is  very  sparingly  soluble 
in  water.  It  is  the  chief  ingredient  of  the  lotio  flava  (N.  F.)  and  lotio 
hydrargyri  flava  (Br.),  or  yellow  wash. 

Mercuric  nitrate,  Hg(N0^3,  may  be  obtained  by  dissolving  mer- 
cury or  mercuric  oxide  in  hot  nitric  acid. 

HgO  +  2HNO,  -  Hg(NOJ,  +  H,0. 

This  should  be  carefully  conducted,  as  it  is  inclined  to  form  basic 
salts.  It  dissolves  in  water,  and  exists  in  liq.  hydrargyri  ni- 
tratis  (U.  S.  P.),  or  liq.  hydrarg3rri  nitratis  acidus  (Br.).  It  is 
used  in  the  volumetric  estimation  of  urea  by  Liebig's  method.  The 
standard  solution  used  for  this  purpose  contains  71.48  gm.  of  metal- 
lic mercury  to  the  liter,  and  i  c.c.  precipitates  10  milligrams  of  urea. 

Mercuric  sulphate,  HgSO^,  is  prepared  by  warming  mercury  or 
its  oxide  with  an  excess  of  sulphuric  acid. 

Hg  +  2H^04  -  HgSO^  +  SO,  +  aHjO. 
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It  is  a  white,  crystalline  salt,  used  as  the  exciting  agent  in  some  forms 
of  galvanic  batteries.  With  an  excess  of  water  it  decomposes  into 
sulphuric  acid  and  the  yellow,  insoluble,  basic  salt,  turpeth  mmeral, 
HgS04 .  2HgO,  This  is  official  in  the  U.  S.  P.  under  the  name  hy- 
drargyri  subsulphas  flavus. 

Mercuric  sulphide,  red  sulphide,  cinnabar,  vermilion, 
HgS,  occurs  native  in  striated  or  amorphous  masses.  It  may  be 
prepared  by  rubbing  sulphur  and  mercury  together,  or  by  the 
precipitation  of  a  mercuric  salt  by  hydrogen  sulphide,  as  a  black, 
amorphous  mass,  which  is  the  aethiops  mineralis  of  the  older 
pharmacists. 

HgCl,  +  H^  -  HgS  +  2HCI. 

This  maybe  converted  into  the  red  sulphide  by  subliming  it.  Mercuric 
sulphocyanate,  formed  by  precipitating  mercuric  nitrate  with  potas- 
sium sulphocyanate,  is  decompos^  by  heat,  the  mass  swelling  up  and 
leaving  a  voluminous  residue.  It  is  used  in  making  the  toy,  Pharaoh's 
serpents. 

Physiological  Action  of  Mercury.— Metallic  mercury  is  not  poi- 
sonous. By  contact  with  alkaline  chlorides,  however,  it  is  converted 
into  mercuric  chloride;  the  more  finely  divided  the  particles  of  mercury 
are,  the  more  readily  does  this  take  place. 

Mercuric  chloride  has  a  decidedly  toxic  action,  both  locally  and 
constitutionally.  Its  local  irritant  action  is  due  to  its  tendency  to 
unite  with  albuminoid  bodies.  The  constitutional  symptoms  are  some- 
what similar  to  those  produced  by  arsenic,  but  appear  sooner.  The 
vomit  frequently  contains  blood,  and  there  is  an  intense  burning, 
metallic  taste  in  the  mouth.  The  symptoms  that  are  referable  to  the 
gastro-intestinal  mucous  membrane  are  more  intense.  The  size  of 
the  minimum  fatal  dose  of  the  corrosive  chloride  is  about  three 
grains;  of  white  precipitate,  thirty  to  forty  grains;  and  of  turpeth 
mineral,  about  forty  grains.  Children  tolerate  mercury  much  better 
than  adults. 

The  treatment  in  acute  poisoning  should  consist  in  the  administra- 
tion of  milk  or  white  of  egg  and  the  induction  of  prompt  emesis.  Ab- 
sorbed mercury  probably  exists  in  the  blood  as  an  albuminate,  and 
is  eliminated  by  the  feces,  urine,  and  saliva;  chiefly  by  the  former. 
Chronic  mercurial  poisoning,  known  as  mercurial  trraiors,  shak- 
ing palsy,  etc.,  is  met  with  in  those  who  work  in  mercury  compoimds. 
The  symptoms  usually  begin  with  debility,  nausea,  vomiting,  colicky 
pains,  and  a  constant  metallic  taste  in  the  mouth.  Sooner  or  later 
salivation  will  become  a  prominent  symptom;  the  tongue  and  gums 
becoming  swollen,  red,  and  ulcerated,  and  the  breath  emits  a  pecu- 
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liar,  fetid  odor.      Salivation  may,  however,  hfi  produced  by  bromine, 
antimony,  lead,  prussic  acid,  etc. 

Chronic  and  even  acute  poisoning  may  occur  from  the  free  external 
use  of  mercurial  salts.  Postmortem,  the  mucous  membrane  of  the 
stomach,  in  acute  poisoning  with  Hgei,,  is  usually  found  of  a  grayish 
color,  as  also  that  of  parts  of  the  mouth  and  esophagus.  The  surface 
of  the  membrane  is  sometimes  covered  with  a  slate-colored  deposit  of 
finely  divided  mercury. 

Tests. — One  of  the  simplest  tests  for  mercury  in  solution  is  a  piece  of  bright 
copper,  which,  in  the  presence  of  a  small  quantity  of  free  hydrochloric  acid,  be- 
comes coated  with  a  silver-white  layer  of  copper  amalgam.  All  salts  of  mercury 
are  volatile.  When  heated  in  a  tube  with  sodium  carbonate,  globules  of  metallic 
mercury  distil  off  from  all  its  salts.  Mercurous  salts  give  a  white  precipitate 
with  HCl  or  any  soluble  chloride.  This  precipitate  is  insoluble  in  hot  water, 
and  turns  black,  but  does  not  dissolve,  in  NH^OH. 

Potass,  iodide  gives  a  g^reen  precipitate  of  mercurous  iodide. 

Mercuric  salts  give  no  precipitate  with  HCl  or  H^04,  and  give  a  red  pre- 
cipitate with  KI,  and  a  yellow  precipitate  of  mercuric  oxide  with  ^^OH  or  KOH. 
Both  mercurous  and  mercuric  salts  give  a  black  precipitate  with  H^,  which  is 
insoluble  in  nitric  acid,  but  soluble  in  hot  aqua  regia. 


GROUP  IV. 


Boron,  B  » zx.  Indium,         In  » 1x5. 

Aluminum,  Al  —  27.1  I^mthantim,  La  —  X38.9 

Scandium,    Sc  »-  44.1  Erbium,         £   ».  i66. 

Gallium,       6a  >-  70.  Ytterbium,    Yb  -  X73. 


Yttritmi,       Y  -  89.  Thallium,      Th  -  204.1 

Of  the  above  elements,  but  the  first  two  are  of  sufficient  importance 
to  medical  or  to  pharmaceutical  students  to  be  described  here. 


BORON. 

B^t  XI. 

Occurrence  and  Preparation. — An  unimportant  element,  never 
occurring  native,  but  as  boric  add  and  borates.  Borates  of  calcium, 
magnesium,  and  sodium  (borax)  occur  native;  the  last,  the  most  im- 
portant, is  found  in  India  and  California.  The  element  may  be  pre- 
pared in  two  allotropic  states:  the  first,  as  a  greenish-brown  powder, 
by  fusing  its  oxide  with  sodium  or  potassium ;  the  second,  as  a  crystalline, 
transparent  solid,  varying  in  color  from  colorless  to  a  garnet-red,  by 
fusing  the  oxide,  chloride,  or  fluoride  with  aluminum,  in  which  metal 
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the  boron  dissolves,  and.  crystallizes  out  on  cooling.  Boron  combines 
directly  with  nitrogen  at  elevated  temperatures. 

Boric  anhydride,  BjO,,  is  a  transparent,  glass-like  mass,  obtained 
by  heating  boric  acid  to  redness.  It  is  used  as  a  reagent  in  blowpipe 
analysis. 

Boric  acidy  boracic  acid,  acidum  boricum  (U.  S.  P.,  Br.),  H3BO,, 
exists  native  in  lagoons,  in  the  vicinity  of  volcanoes,  especially  in  Tus- 
cany.   By  evaporation  and  crystallization  the  acid  is  obtained. 

Borate  of  sodium,  or  borax,  sodii  boras  (U.  S.  P.),  occurs  in 
California,  Nevada,  and  India,  and  from  it  the  pure  acid  is  prepared 
by  precipitating  it  with  HCl  from  a  hot  solution. 

Na^.O^ .  loHjO  +  2HCI  -  aNaCl  +  4HaBO,  +  5H,0. 

The  acid  separates  in  white,  shim'ng  scales.  California  and  Nevada 
furnish  enough  borax  to  supply  the  entire  American  market.  Boric 
add  is  soluble  in  25  parts  of  H^O  at  14*^  C.  (57.2*^  F.)  and  in  3  parts 
of  boiling  H,0.  The  solution  has  a  faint  acid  reaction.  The  add 
is  soluble  in  15  parts  of  alcohol,  and  is  also  soluble  in  glycerin,  to  the 
flame  of  both  of  which  it  imparts  a  distinct  green  color;  this,  and  the 
action  on  turmeric  paper,  are  used  as  tests.  If  a  strip  of  turmeric  paper 
be  dipped  in  a  solution  containing  HjBO,,  in  turns  reddish-brown 
on  drying. 

When  boiled  with  glycerin,  an  ether  is  formed,  known  as  boro- 
glycerid,  which  is  soluble  in  water,  has  a  neutral  reaction,  is  tasteless, 
and  is  used  as  a  preservative  for  foods.  Its  use  in  considerable  doses, 
as  well  as  that  of  boric  acid,  is  attended  with  an  increased  excretion  of 
urea,  irritation  of  the  kidneys,  and  should,  therefore,  be  used  with  some 
caution.    Owing  to  its  antiseptic  action,  it  is  used  in  surgical  dressings. 

Glyceritum  boroglycerini  (U.  S.  P.)  is  made  by  dissolving  thirty- 
one  per  cent,  of  boric  acid  in  glycerin,  with  the  aid  of  heat. 

When  heated,  HjBOg  loses  one  molecule  of  water  at  100*^  C.  (212®  F.), 
and  forms  metaboric  add,  HBO,;  on  further  heating  it  forms  tetra- 
boric  acid,  H3B4O7;  and  at  a  higher  temperature  boric  anhjrdride, 

B,0,- 

Physiological  Action. — Boric  add  is  used  as  a  mild  antiseptic 
and  detergent.  It  is  often  used  in  applications  to  the  mucous  mem- 
branes, in  eye-washes,  and  in  internal  cavities. 

Boric  acid  and  its  salts  are  usually  poisonous  to  lower  animals  and 
plants.  Fatal  cases  of  poisoning  have  been  recorded.  Serious  symp- 
toms of  great  depression  of  spirits,  low  temperature,  feeble  pulse, 
nausea  and  vomiting,  hiccup,  embarrassed  respiration,  etc.,  have  fol- 
lowed the  too  free  use  of  boric  acid.  It  is  generally  rapidly  eliminated 
in  the  urine.    Boric  add  is  employed  very  extensively  as  a  preservative 
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for  various  articles  of  food  and  drink.  Whether  it  is  injurious  in  the 
quantities  used  and  eaten  in  this  way,  has  been  the  subject  of  conflicting 
experiments  and  is  still  unsettled. 

Tests  for  Boric  Add  and  Borates. — i.  To  the  suspected  substance  add  a 
few  drops  of  HCl  and  then  alcohol  in  excess.  On  igniting  the  alcohol,  the  flame 
is  tingea  with  a  bright-green  color. 

2.  A  piece  of  htmus  paper  dipped  in  the  acidified  solution  and  then  dried 
Temains  a  reddish-brown  color  if  the  solution  contains  boric  acid. 


ALUMINUM  (Aluminium). 

Al  =  a7. 

This  metal  is  found  very  widely  distributed.  It  exists  as  oxide  in 
ruby,  sapphire,  and  corundum^  and,  less  pure,  in  emery.  Most 
conunonly,  it  occurs  as  the  silicate  (clay,  kaoUn),  and  with  other  sili- 
cates, as  feldspar  and  mica,  and  in  many  crystalline  rocks.  Emer- 
ald is  a  silicate  of  aluminum  and  glucinum.  Garnet  and  topaz  are 
also  silicates  of  aluminum. 

Cryolite  is  a  double  fluoride  of  aluminum  and  sodium. 

Preparation  and  Properties. — Aluminum  may  be  obtained  in 
the  metallic  condition  by  igniting  the  chloride  or  the  double  fluoride 
of  sodium  and  aluminum  with  sodiimi. 

2Na,AlFe  +  3Na,  -  Al,  +  laNaF. 

It  is  now  generally  manufactured  by  the  electrolysis  of  a  mixtiu'e  of 
fused  cryolite,  NajAlF^,  and  aluminum  oxide.  The  process  is  carried 
on  in  large  carbon-lin^  pots  which  form  the  positive  electrode.  Car- 
bon rods  partly  inunersed  in  the  fused  bath  serve  as  the  anode.  Fresh 
AljO,  is  added  from  time  to  time,  and  the  metal  is  drawn  off  from  the 
bottom  of  the  pot.  Since  the  introduction  of  this  method  of  manufacture 
the  price  of  the  metal  has  greatly  decreased,  from  $90  per  lb.  in  1856  to 
30  cents  per  lb.,  and  its  use  greatly  increased. 

It  is  a  silver-white  metal,  very  malleable  and  ductile,  a  good  con- 
ductor of  electricity;  sp.  gr.,  2.56.  At  ordinary  temperatures  it  is 
not  affected  by  air  or  oxygen.  When  heated  in  an  atmosphere  of 
oxygen,  it  burns  like  iron  and  some  other  metals.  It  is  insoluble  in 
nitric  add,  but  soluble  in  boiling  sulphuric  and  cold  hydrochloric  acids. 
It  dissolves  in  alkaline  hydroxides  to  form  aluminates,  with  the 
liberation  of  hydrogen.  It  forms  a  hard  and  durable  alloy  with  copper, 
known  as  aluminum  bronze. 

Aluminum  chloride,  A1,CI«,  is  obtained  by  the  action  of  chlorine 
upon  heated  aluminum.    It  forms  colorless,  hexagonal  prisms,  fusible, 
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volatile,  and  very  soluble  in  water  and  alcohol.  It  crystallizes  from 
a  hot  concentrated  solution  with  12H2O. 

Aluminum  oxide,  alumina,  A1,0„  is  found  crystallized  in  prisms, 
and  colored  by  other  admixtures,  in  ruby,  sapphire,  and  corundum* 
These  minerals  are  all  exceedingly  hard,  ranking  next  to  the  diamond  in 
this  respect.  Alumina  may  be  obtained  artificially,  by  igniting  the 
hydroxide,  as  a  light,  white,  insoluble,  odorless,  and  tasteless  powder. 
When  prepared  as  above,  adds  attack  it  with  great  difficulty.  It 
may  be  decomposed  by  fusing  with  caustic  alkalies  or  acid  potassium 
sulphate. 

Aluminum  hydroxide,  A1^(0H\,  is  formed  by  precipitating  a 
solution  of  an  aluminum  salt  wim  ammonium  hydroxide  or  carbonate. 
Alumini  hydroxidum  (U.  S.  P.)  is  prepar^  by  precipitating  a 
solution  of  alum  with  sodium  carbonate. 

K^WSOJ^  +  3Na,CO,  +  3H,0  -  sNa^O,  +  K^O,  +  Al,(OH),  +  3CO^ 

When  freshly  precipitated,  it  is  insoluble  in  water,  but  soluble  in  solu- 
tions of  the  fixed  alkalies.  By  prolonged  drying,  or  after  standing  under 
water,  it  is  rendered  almost  insoluble  in  acids,  although  it  imdergoes  no 
apparent  change  in  composition  or  form. 

Aluminum  sulphate,  alumini  sulphas  (U.  S.  P.),  Al^CSOJ,.- 
16H2O,  is  prepared  artificially  by  the  action  of  sulphuric  add  upon 
kaolin  or  clay,  and  also  by  dissolving  aluminiun  hydroxide  in  the  same 
acid. 

Al,(OH)e  +  3H^O,  -  Al,(SO,),  +  6H,0. 

It  crystallizes  in  thin  plates,  soluble  in  water  and  sparingly  so  in 
alcohol.    When  heated,  it  fuses  and  becomes  anhydrous. 

Alums. — These  are  double  salts  formed  by  the  combination  of 
aluminum  sulphate  with  the  alkaline  sulphates.  The  salt  originally 
known  as  alum  is  the  double  sulphate  of  aluminum  and  potassium, 
K2Al2(S04)4 .  24H,0.  It  is  obtained  from  clays  free  from  iron,  and 
from  aluminite,  a  basic  sulphate  of  aluminum.  The  potassium  in 
this  alum  can  be  replaced  by  sodium,  ammonium,  rubidium,  cesium, 
and  thallium  Potassium  alum,  alimien  (U.  S.  P.,  Br.),  K^O^ .  - 
AlaCSOJj .  24H2O,  forms  large,  regular,  transparent,  octahedral  crys- 
tals, soluble  in  water.  Heated  to  about  redness,  it  loses  forty-five  per 
cent,  of  its  weight  of  water,  forming  the  product  known  as  burnt  alum, 
or  alumen  exsiccatum  (U.  S.  P.,  Br.).  Thus  prepared,  it  is  a  dry, 
white  powder,  having  a  strong  affinity  for  water.  Aluminum  and 
ammonium  sulphate,  or  ammonia  alum,  A1,(S04)8  •  (NH4),S04 .  - 
24H2O,  is  rapidly  taking  the  place  of  the  potassium  alum,  from  which 
it  differs  in  being  more  soluble  in  water  between  20^  C.  (68°  F.)  and 
40°  C.  (104®  F.),  and  less  soluble  in  water  colder  or  warmer  than 
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this.  Ammonia  alum  is  included  in  the  British  Pharmacopoeia.  At 
about  the  temperatiure  at  which  potash  alum  loses  its  water,  ammonia 
aliun  decomposes,  losing  its  anmionia.  Ferric  iron,  manganese,  and 
chromium  may  replace  the  aluminum  in  alum  and  form  a  series  of 
alums  known  as  ferric  alum,  Fe,(SOJ, .  (NH4),S04 .  24H,0;  man- 
gantsfi  alum,  Mn,(SOJ, .  (NHJ3SO4 .  24H,0;  and  chrome  alum, 
Cr,(SO^,  .  (NHJjSO^ .  24H,0. 

Uses. — Aliun  is  an  astringent  and  styptic.  It  is  used  as  a  mor- 
dant in  calico  printing,  in  dyeing,  and  to  produce  aliuninum  lakes, 
used  as  pigments. 

Tests. — I.  Solutions  of  aluminum  salts  give  a  white,  gelatinous  hydroxide, 
Al,(OH),  with  NaOH,  KOH,  or  NH4OH,  soluble  in  an  excess  of  the  first  two  of 
these  reagents. 

3.  Ammonium  carbonate  and  ammonium  sulphide  produce  a  white  precipi- 
tate of  Al^OH)^  but  not  a  carbonate  or  sulphide. 


METALS  OF  GROUP  V. 

Vanadium,         V  -    51.2 
Columbium,       Cb  —    94. 
Neodymium,       Nd  —  143.6 
Praseodymium,  Pr  -  145.5 
Tantalum,  Ta  -  1S3. 

The  members  of  this  group  are  all  rare  metals,  not  used  in  medicine. 


METALS  OF  GROUP  VI. 

Chxomiumy  Cr  —    52.1 

Molybdenum,  Mo  —    06. 

Wolfram  (Tungsten),  W   -  18^. 
Uranium,  U    -«  238.5 

Of  these,  chromium  and  molybdenum  will  be  noticed  at  length. 


CHROMIUM. 

Cr  =  52.1. 

Occurrence,  Preparation,  and  Properties. — ^This  metal  most 
ODmmonly  occurs  in  chromite,  or  chrome  iron-ore,  a  ferrosochromic 
oxide;  also,  rarely,  as  lead  chromate.    It  may  be  isolated  with  diffi- 
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culty  from  its  oxide  by  reducing  it  with  charcoal,  or  from  the  chlo- 
ride by  reducing  with  zinc.  It  may  be  made  from  the  oxide  by  treat- 
ment with  powdered  aliuninum  in  the  electrical  furnace.  If  care  be 
taken  to  have  an  excess  of  Cr^O,  present,  nearly  pure  chromium  is 
obtained.  It  is  a  hard,  glistening,  steel-gray  metal,  magnetic  at  low 
temperatures;  sp.  gr.,  6.8.  It  oxidizes  only  at  a  red  heat,  and  is  ^luble 
in  hydrochloric  add  and  strong  alkalies. 

CHROMIUM  COMPOUNDS. 

Chromium  forms  three  sets  of  compounds  corresponding  to  CrO 
(dyad  chromium),  Cr^O,  (tetrad),  and  CrO,  (hexad).  The  chromous 
compounds  have  a  great  tendency  to  pass  into  the  chromic  compounds. 

Chlorides.— Two  chlorides  are  known:  chromous  chloride^ 
CrClj,  a  white,  crystalline  solid,  dissolving  in  water  to  form  a  blue 
solution;  and  chromic  chloride,  Cr^CI^,  occurring  in  large,  red  crys- 
tals, insoluble  in  water,  unless  a  trace  of  the  chromous  chloride  be 
present,  when  it  readily  dissolves.  If  it  be  subjected  to  a  prolonged 
boiling  with  water,  it  finally  dissolves,  forming  a  green  solution  con- 
taining a  hydroxide.    An  oxychloride  is  also  known. 

Chromous  Hydroxide.— Cr(OH),.  This  compound  is  pro- 
duced by  precipitating  chromous  chloride  with  potassium  hydroxide. 
It  acts  as  a  base,  yielding  chromous  salts. 

Chromic  oxide,  chromium  sesquioxide,  green  oxide,  Cr,Os, 
is  obtained  by  calcining  a  mixture  of  starch  and  potassium  dichromate. 
Thus  prepared,  it  is  a  green  powder,  insoluble  in  water,  acids,  or  alkalies, 
and  fusible  with  difficulty.  When  fused  with  alkaline  hydroxides  or 
nitrates,  the  chromium  passes  over  to  the  hexad  condition  and  forms 
chromates  of  these  metals. 

The  oxide  may  play  either  a  positive  or  a  negative  r6le,  depending 
upon  the  ion  with  which  it  unites.  For  example,  with  the  strongly 
negative  sulphuric  ion  it  forms  chromium  sulphate,  Cr,(S04)3;  while 
with  calcium  or  magnesium  oxide,  calcium  or  magnesium  chromates 
are  obtained,  CaCr04,  or  MgCr04. 

Chromic  sulphate,  CT2(SO^^y  is  obtained  by  dissolving  chromic 
oxide  in  sulphuric  add;  upon  slowly  evaporating,  it  crystallizes  with 
twelve  molecules  of  water. 

There  are  two  series  of  chromium  salts,  the  one  green  and  the  other 
violet.  The  alkaline  hydroxides  throw  down  a  bluish-green  hydroxide 
from  the  green  salts,  and  a  violet  from  the  violet  salts. 

Chromium  sulphate  exists  as  a  violet,  crystalline  solid,  and  as  a 
green,  amorphous  solid.  With  the  alkaline  sulphates,  chromium  sul- 
phate forms  double  salts — the  chromium  alums.    (See  p.  268.) 
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Chromic  Anhydride,  Chromii  Trioxidum  (U.  S.  P.).--CrO,. 
This  is  sometimes  improperly  called  chromic  add.  It  is  prepared  by 
adding  one  and  one-half  parts  of  strong  sulphuric  add  to  one  part 
of  concentrated  solution  of  potassium  dichromate.  When  the  solution 
cools,  splendid  saffron-colored  needles  of  the  trioxide  crystalli^  out, 
which  may  be  dried  on  a  porous  tile.  It  is  a  powerful  oxidant,  ig- 
niting alcohol  if  the  latter  be  poured  upon  it.  It  is  used  in  medicine 
as  a  caustic,  forming  a  superficial  eschar. 

Chromic  Acid. — H,Cr04.    This  can  not  be  isolated,  but  by  solu- 
tion of  chromium  trioxide  in  water  an  add  liquid  is  obtained  contain 
ing  chromic  add.    This  add  decomposes  on  evaporation.. 

The  best  known  of  the  salts  of  this  add  are  potassium  chromate 
and  dichromate,  K^CrO^  and  K^CrjOy.  The  last  of  these  possesses  the 
properties  of  the  trioxide,  but  in  a  milder  degree.  It  is  sometimes  used 
as  an  escharotic,  but  much  more  frequently  as  an  oxidizing  agent, 
when  mixed  with  sulphuric  add.  None  of  the  other  preparations  of 
chromium  are  used  in  medidne.  Internally,  in  large  doses,  it  acts  as 
an  irritant  poison. 

Potassimn  chromate,  K2Cr04,  obtained  by  adding  a  solution  of 
potassium  hydroxide  to  one  of  potassium  dichromate,  and  this  latter 
salt  have  been  described  on  page  227. 

Toxicology.— The  chromates,  espedally  potassium  dichromate, 
are  irritant  poisons.  They  are  also  liable  to  produce  a  form  of  chronic 
poisoning  in  workmen  handling  them,  characterized  by  ulceration  of 
the  septum  of  the  nose  and  excoriations  of  the  skin.  The  most 
prominent  symptoms  in  acute  poisoning  are  vomiting,  epigastric  pain, 
cramps,  excessive  thirst,  and  collapse.  The  treatment  consists  in  the 
use  of  emetics,  followed  by  magnesium  carbonate  in  milk. 


MOLYBDENUM. 

M0=r   96. 

This  element  is  of  little  importance  itself,  but  some  of  its  compounds  are  used. 

Moljbdic  Trioxide,  or  Anhydride.— MoO,.  This  oxide  is  obtained  b^  roast- 
ing the  native  sulphide  in  an  open  vessel  at  a  red  heat.  The  principal  interest 
attached  to  it  is  its  use  in  preparing  ammonium  moljbdate,  a  reagent  used  to 
detect  and  estimate  phosphonc  acid,  and  which  will  be  mentioned  as  a  reagent 
for  alkaloids. 

The  impure  oxide  obtained  by  roasting  the  mineral  molybdenite,  MoS^  is 
dissolved  in  ammonium  hydroxide,  evapx>rated  to  dryness,  redissolved  in  water, 
concentrated  by  evaporation,  and  allowc^i  to  crystallize.  The  soluble  molybdates 
give  a  precipitate  of  MoO,  on  the  addition  of  an  acid;  but  it  is  soluble  in  excess 
of  the  acid.  The  molybdates  give  a  white  precipitate  with  the  earthy  metals. 
Whh  phosphoric  add  or  the  phosphates,  a  solution  of  ammonium  molybidate  con- 
taining an  excess  of  nitric  add  first  turns  yellow,  then  deposits  a  yellow  predpitate 
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of  molybdic  trioxide,  phosphoric  acid,  and  ammonia,  which  is  very  soluble  in  am- 
monia water.  This  is  a  very  delicate  test  for  phosphoric  acid.  Pyrophosphates 
and  metaphosphates  do  not  give  this  reaction.  Arsenic  add  gives  a  simiUir  pre- 
cipitate. Phosphomoljbdic  acid,  (H^O^), .  22MoO^  is  employed  as  a  reagent 
for  alkaloids.  It  may  be  prepared  by  digesting  molybdic  trioxide  with  phosphoric 
acid  until  a  clear  solution  is  obtained.  When  this  solution  is  evaporated  to  dry- 
ness, a  tenacious,  nouHrrystalline  mass,  very  soluble  in  water  and  alcohol,  results. 
The  reagent  usually  employed  is  a  ten  per  cent  solution  in  water. 


TUNGSTEN  (Wolfram). 

W  =.  184. 

Tunnten  b  not  abimdant.  It  occurs  in  the  minerals  wolframite,  8Cha« 
lite,  and  stolzite,  all  of  which  are  tungstates.  Although  generally  regarded  as 
a  metal,  it  often  plays  the  negative  rdle,  forming  tungstic  add  and  timgstates. 

The  element  is  a  hard,  brittle,  difficultly  fusible  metal,  permanent  in  the  air, 
but  bums  to  the  oxide  at  a  red  heat.  Of  the  compounds  of  tungsten,  the  sodium 
tungstate  alone  is  of  interest  to  the  medical  student,  as  a  test  reagent  for  albumin. 

Tungstic  acid,  H^WO^,  is  a  yellowish-white  powder  thrown  down  from  boil- 
ing alkaline  solutions  of  tungstic  oxide  by  mineral  acids.  It  forms  with  bases 
numerous  salts,  called  tunsstates,  the  most  impx>rtant  of  which  is  sodium  tung- 
state, Na^WO^ .  2H,0.  This  has  recently  attained  considerable  importance  as 
a  test  tor  albumin  in  urine.  A  cold  saturated  solution  of  this  salt,  aaded  to  acid 
solutions  of  the  proteids,  coagulates  them.  This  salt  is  also  used  to  render  fabrics 
uninflammable. 

Phosphotungstic  acid  is  very  much  used  as  a  reagent  for  peptones  and  al- 
kaloids.   The  reagent  is  usually  prepared  from  sodium  tungstate  by  adding  to 
a  hot  solution  of  this  salt  enough  phosphoric  acid  to  make  it  decidedly  add.    It . 
is  then  cooled,  made  strongly  add  with  HCl,  allowed  to  stand  twenty-four  hours, 
and  filtered. 

URANIUM. 

u- 938.5. 

The  principal  ore  of  this  metal  is  urmninite,  U|Op  which  usually  contains 
some  iron  and  some  rare  metals.  The  metal  is  df  httle  interest  It  forms  two 
oxides,  UO,  and  UO,.  In  the  salts  of  uranium  UO,  acts  as  a  bivalent  radical, 
called  nranjl,  and  the  salts  uranyl  salts.  Uranjl  nitrate,  UO,(NOJy  occurs  as 
greenish-yellow  prisms,  soluble  in  water. 

Uranjl  acetate,  UOjCC^gOj)^  also  occurs  as  greenish-yellow  crystals  resem- 
bling the  nitrate.  These  two  salts  are  used  as  reagents  for  the  estimation  of  phos- 
phoric add,  with  which  they  form  a  yellowish-white  predpitate  of  uranyl  phosphate. 
Chromium  oxide  imparts  to  glass  a  beautiful  greenish-yellow  fluorescence.  When 
uranium  salts  are  taken  from  the  direct  sunlight  into  a  darkened  room,  they  emit 
a  phosphorescent  glow.  This  property  has  lately  been  shown  to  be  due  to  the 
presence  of  the  rare  metals,  radium,  polonium,  and  actinium.  These  metals 
are  interesting  for  the  remarkable  property  they  possess  of  emitting  rays  of  light 
in  the  dark. 


MANGANESE.  9^3 


GROUP  VH.— METALS. 
MARGAITESE. 

Mn  =  55- 

Occurrence. — ^Manganese  is  found  widely  distributed  in  nature. 
It  occurs  native  in  meteorites.  Its  most  common  ores  are  pyrolusitey 
MnO,;  hausmaxinite,  Mn,04;  braunite,  Mn,0,;  manganitey 
MujO, .  H,0;  and  rhodochrosite,  MnCO,. 

Preparation  and  Properties.— It  is  obtained  in  the  metallic 
condition  by  heating  its  oxides  with  charcoal,  similar  to  the  smelting 
of  iron.  It  is  a  grayish-white,  brittle  metal,  very  hard,  and  fusing 
with  great  difficulty;  sp.  gr.,  7.2.  Pure  manganese  has  found  little 
use  in  the  arts,  ^iegeleisen  and  ferromanganese  are  alloys  with 
iron,  containing  carbon,  which  are  used  in  making  steel. 

MAKGANOUS  COMPOUNDS. 

Like  the  elements  iron  and  chromium,  it  forms  three  series  of  com- 
potmds — the  manganous,  MnR,;  manganic,  Mn,R«;  and  the  salts 
of  manganic  add,  called  manganates.  In  the  manganous  compounds 
the  metal  is  diatomic.  These  are  the  most  stable,  and  consti- 
tute the  most  common  of  the  manganese  salts.  They  resemble  the 
00s  salts  of  iron  and  chromium,  with  which  they  are  isomorphous. 
Manganous  oxide,  MnO,  results  from  the  ignition  of  the  carbonate, 
with  the  exclusion  of  air.  It  is  a  greenish,  amorphous  powder,  readily 
oxidizing  in  the  air  to  MujO^.  Manganous  hjrdroxide,  Mn(OH)2, 
is  form^  by  adding  alkaline  hydroxides  to  manganous  solutions,  as 
a  flesh-colored  precipitate,  which,  on  exposure  to  the  air,  oxidizes  to 
manganic  hydroxide,  and  turns  brown. 

Manganous  chloride^  MnCl^,  occurs  in  rose-colored,  tabular 
crystals,  which  decompose  on  drying,  with  the  separation  of  hydrochloric 
acid.  Manganous  sulphate,  mangani  sulphas  (U.  S.  P.),  MnSO^, 
crystallizes  at  ordinary  temperatures  with  4H2O.  It  occurs  as  colorless 
or  pale  rose-colored,  prismatic  crystals,  soluble  in  0.8  part  of  water  at  15° 
C.  (S9®  F.)  and  in  one  part  of  boiling  water.  With  the  alkaline  sulphates 
it  forms  double  salts— ^.  g,,  MnS04  •  KjSO^ .  sHjO.  Manganous 
carbonate,  MnCOi,  is  precipitated  from  manganous  solutions  by  alka- 
line carbonates  as  a  white  powder,  turning  brown  on  exposure  to  the  air. 
Manganous  sulphide,  MnS,  occurs  in  nature  as  alabandite,  or 
manganese  blende,  and  is  precipitated  from  manganous  solutions  by 
alkaline  sulphides,  as  a  flesh-colored  hydrate,  MnS  .  H^O.  In  the  air  it 
also  becomes  brown. 
»9 
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MAKGAHIC  COMPOUNDS. 

These  are  isomorphous  with  and  very  closely  resemble  the  ferric, 
chromic,  and  aluminic  compounds.  They  are  not  so  stable,  however, 
being  ea^y  reduced  to  the  manganous  state.  In  them  manganese  b  a 
tetrad. 

Manganese  dioxide,  manganic  peroxide,  black  oxide  of  man- 
ganese, MnO),  occurs  native  as  the  mineral  pyrolusite,  the  principal 
ore  of  manganese,  in  steel-gray  or  brownish,  imperfectly  crystallized 
masses.    It  is  official,  and  is  used  internally. 

When  strongly  heated,  it  yields  oxygen;  at  a  red  heat  it  yields 
more  oxygen,  and  forms  manganous-manganic  oxide. 

It  gives  o£f  oxygen  when  heated  with  sulphuric  add^  and  forms  mangan- 
ous sulphate.  With  hydrochloric  acid,  it  yields  manganous  chloride, 
water,  and  chlorine. 

MnO,  +  4HCI  -  MnCl,  +  2H,0  +  Cl^ 

It  dissolves  in  cold  hydrochloric  acid  without  setting  free  chlorine, 
probably  forming  MnCl^,  which,  upon  heating  breaks  up  into  MnCl, 
and  CI).  From  this  it  would  appear  that,  in  the  dioxide,  manganese 
is  a  tetrad. 

Mangani  dioxidmn  precipitatum  (U.  S.  P.)  is  prepared  by  pre- 
cipitating a  solution  of  MnSO^  with  NH4OH  and  ^O^  It  b  thus 
obtained  as  a  heavy,  very  fine,  black  powder  without  odor  or  taste. 

Manganic  oxide,  Mn,0„  b  a  black  powder,  produced  by  igniting 
the  manganese  oxides  in  a  current  of  oxygen. 

Mai:i;anou8-manganic  Oxide.— Mn^O^ «  MnO .  Mn^O,.  This 
b  formed  by  the  ignition  of  all  the  oxides  in  the  air;  it  is  isomorphous 
with  magnetite,  F^O^. 

Manganic  hjrdroxide,  Mn3(OH)e,  b  precipitated  from  sdutions 
of  manganic  salts  by  anmionium  hydroxide  as  a  flesh-colored  precip- 
itate, rapidly  tumins  brown. 

Manganic  sulphate,  Mn3(S04), .  4H,0,  b  produced  by  the  action 
of  sulphuric  acid  upon  manganic  hydroxide. 

MAKGANATES  AND  PBRMAKGANAHSS. 

The  derivatives  of  manganic  acid,  H^n04,  ^^  Mn02(0H)„  are 
analogous  to  those  of  ferric,  H^eO^,  chromic,  H,Cr04,  and  sulphuric 
adds,  HjSOi.  In  these  derivatives  manganese  is  a  hexad.  The  man- 
ganates  are  of  little  permanency  and  little  used. 

Potassium  manganate,  K^n04,  is  a  rare  substance,  isomor- 
phous with  potassium  sulphate  or  chromate,  and  b  very  readily  con- 
verted into  potassium  permanganate. 
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Potassium  permanganate,  potassii  permanganas  (U.  S.  P.,  Br.), 
K^n^Og,  is  predpitat^  as  dark-red,  glistening,  rhombic  prisms,  on 
adding  the  mineral  acids  to  solutions  of  potassium  manganate.  So- 
lutions of  potassium  permanganate  acidulated  with  H^SO^  are  powerful 
oxidizing  agents.  When  the  crystals  are  added  to  strong  H^SO^,  oxygen 
and  ozone  are  given  off.  It  is  given  internally  as  an  antidote  to  mor- 
phine. 

Tests. — I.  Manganic  and  manffanous  salts  are  precipitated  with  NaOH  and 
NH4OH  as  a  white,  manganous  hydroxide,  turning  brown  and  changing  to 
Mn^OH),. 

3.  (NHJ^  precipitates  flesh-colored  MnS. 

3.  When  fused  with  a  mixture  of  KNO,  and  Na,CO,  on  a  platinum  foil,  the 
mass  on  cooling  assumes  the  green  color  of  the  sodium  and  potassium  manganates. 


GROUP  Vlll. 

The  members  of  this  group  are: 

Iron  (Ferrttm),  Fe  —   5;^  Rhodium,    Rh  —  I0|* 

Hidnl,  Hi  -    58.7  Pallsditimy  Pd  -  io6«5 

ColMdty  Co  —    59.  Iridium^       Ir  — 193. 

Ruthenium,      Ru  — 101.7  Osmium.      Os  —  zgz* 

PUtionm,  Pt  -  294.8 

Of  these,  iron,  nickel,  cobalt,  osmium,  and  platinum  are  of  sufficient 
interest  to  be  given  a  place  here. 


JRGS. 

Fe  -  5$.^ 

Occurrence. — ^This  metal,  which  is  of  great  practical  importance, 
is  distributed  very  widely  in  nature.  It  occurs  native  upon  the  earth's 
surface  only  as  meteorites. 

The  ores  from  which  iron  is  obtained  are  numerous;  the  most  im- 
portant are:  magnetite,  F^O^;  hematite,  Fe,04;  limonite  (ferric 
hydroxide);  and  siderite,  FeCO,.  These  are  almost  the  only  ores 
used  for  the  manufacture  of  iron;  the  sulphur  ores  are  not  adapted  to 
this  purpose. 

Preparation. — ^In  some  cases  the  ore  is  first  roasted,  to  get  rid 
of  water,  carbon  dioxide,  sulphur,  etc.  The  next  step  consists  in  the 
extraction  of  the  iron  from  Uie  ores,  in  which  it  exists  as  an  oxide. 
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This  IS  accomplished  by  reduction  with  carbon  at  a  glowing  heat 
This  reduction  is  effected  in  a  blast  furnace  (Fig.  60),  of  which  the 
interior  has  the  shape  of  a  double  cone.  It  is  about  fifty  or  sixty  feet 
high,  by  fifteen  feet  wide  at  its  widest  part,  is  built  of  the  most  infusi- 
ble fire-brick,  and  inclosed  in  solid  masonry.  It  is  filled  at  the  top 
with  alternate  layers  of  coal,  broken  ore  (either  native  or  previously 
roasted),  and  fluxes  in  the  form  of  limestone  or  silicates.  These  fluxes 
facilitate  the  melting  together  of  the  reduced  iron,  and  furnish  a  liquid 
slag.  The  air  necessary  for  combustion,  usually  heated  to  a  high  tem- 
perature beforehand,  is  forced  into  the  bottom  of  the  furnace,  through 
pipes,  called  twyers,  by  blowers  or  fans.  The  metal  is  drawn  off  at  the 
bottom.  In  the  lower  part  of  the  furnace  carbon  dioxide  is  produced  from 

the  oxygen  of  the  air  and  the  coal;  higher 
up,  carbon  monoxide  is  produced,  which  acts 
upon  the  oxide  of  iron,  reducing  it  to  the 
metallic  state.  As  the  reduced  iron  sinks,  it 
comes  into  contact  with  the  coal,  takes  up  a 
small  quantity  of  carbon,  and  forms  cast- 
iron,  which,  on  further  sinking,  fuses,  and 
is  drawn  off  into  molds  made  in  sand,  to 
form  pig-iron.  The  earthy  impurities  of 
the  ores  remaining  in  the  furnace  unite  with 
the  fluxes,  fuse  in  the  intense  heat,  and  are 
drawn  off  as  slag.  The  pig-iron,  contain- 
ing 2.3  to  5  per  cent,  of  carbon,  is  then  sub- 
jected to  the  puddling  process,  by  which  it 
is  more  completely  freed  from  carbon  and 
slag,  and  wrought-iron  results.  This  proc- 
ess is  usually  carried  on  in  reverberatory 
furnaces  with  a  free  supply  of  air,  while  the 
half-molten  mass  is  being  thoroughly  stirred. 
The  greater  part  of  the  carbon  is  in  this  way  burned  into  carbon  monox- 
ide, and  the  silicon,  sulphur,  and  phosphorus  oxidized.  The  iron  from 
the  puddling  furnace  is  taken  out  in  the  form  of  large,  soft  masses,  called 
blooms,  and  rolled  into  bars.  Steel  was  formerly  prepared  from  wrought- 
iron  only,  by  cementation,  or  heating  wrought-iron  packed  in  leather 
shavings  or  with  charcoal.  At  present  it  is  chiefly  prepared  directly  from 
cast-  or  pig-iron  by  the  methoid  invented  by  Bessemer  in  1850.  This 
process  consists  in  blowing  air,  under  high  pressure,  into  a  mass  of 
molten  cast-iron  until  the  carbon  has  been  burned  out,  when  spi^el- 
eisen  (page  273),  containing  a  known  quantity  of  carbon,  is  added 
to  give  the  proper  amount  for  steel.  The  best  steel  contains  about  i  to  2 
per  cent,  of  carbon.    A  much  harder  steel  is  made  by  adding  manganese 


Fig.  60. — Blast  Furnace. 
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or  chromium.  Nickel  makes  steel  tou^  and  malleable.  It  is  used 
for  armor  plates.  Pure  iron  is  obtain^  by  heating  ferric  oxide  in  a 
current  of  hydrogen;  this  is  the  ferrum  reductum  of  the  U.  S.  P.,  Br^ 

Fc,0,  +  3H,  -  3H,0  +  Fe^ 

Properties. — Pure  iron  is  soft,  fuses  at  about  1600*^  C.  (2912*^  F.), 
and  has  a  sp.  gr.  of  7.25  to  7.9.  Iron  is  not  affected  by  dry  air  at 
ordinary  temperatures;  in  moist  air  it  covers  itself  with  a  thin 
layer  of  ferric  hydroxide,  known  as  rust.  Heated  strongly  in  the 
air,  it  becomes  coated  with  a  layer  of  ferrous-ferric  oxide,  F^O^, 
which  is  readily  loosened,  forming  the  blacksmiths'  scales.  At  a  red 
heat  it  decomposes  water,  with  tibe  formation  of  ferrous-ferric  oxide 
and  the  liberation  of  hydrogen. 

3FC  -I-  4H,0  -  Fe,0^  +  4H,. 

It  bums  in  oxygen  with  an  intense,  scintillating  light.  If  brought 
into  contact  with  a  magnet,  iron  becomes  magnetic.  Tempered  steel 
is  the  only  form,  however,  that  retains  the  magnetism. 

Iron  unites  directly  with  chlorine,  bromine,  iodine,  sulphur,  and 
the  members  of  the  phosphorus  group,  except  nitrogen.  It  dissolves 
readily  in  hydrochloric  and  sulphuric  acids,  with  the  evolution  of 
hydrogen.  In  dilute  nitric  acid  it  dissolves,  with  the  separation  of 
nitric  oxide.  Concentrated  nitric  acid,  however,  renders  it  passive, 
when  it  is  no  longer  attacked  by  the  diluted  acid,  until  the  passive 
condition  is  destroyed  by  contact  with  silver,  platinum,  or  copper,  or 
by  heating  to  40*^  C.  (104^  F.). 


FERROUS  COMPOUHDS. 

These  are  formed  by  dissolving  iron  in  an  acid,  or  by  the  reduction 
of  ferric  salts. 

Fe,Cl.  +  Zn  -  (FeCy,  +  ZnCl^ 

They  are  usually  of  a  green  color  in  the  hydrous  state.    Exposed  to 
the  air,  they  oxidize  to  ferric  salts. 

4FcO  +  O,  -  2Fc,0,. 

Ferrous  chloride,  FeCl,,  is  formed  when  iron  is  dissolved  in 
hydrochloric  acid.  It  crystallizes  in  green  monoclinic  prisms,  con- 
taining four  molecules  of  water.  Exposed  to  the  air,  they  deliquesce 
and  oxidize,  forming  ferric  chloride  and  an  oxychloride.  The  an- 
hydrous chloride  which  is  formed  by  passing  hydrochloric  acid  gas 
over  iron  that  is  heated  to  redness  is  a  volatile,  yellowish-white,  very 
aohibk  solid. 
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Ferrous  iodide,  Fel,,  is  obtained  in  solution  by  adding  an 
excess  of  iron  to  iodine  su^>ended  in  warm  water  until  the  solution 
is  pale  green. 

Saccharated  ferrous  iodide  is  made  by  reacting  upon  iron  with 
iodine  in  the  presence  of  water,  evaporating  the  solution  to  dr3mess, 
and  mixing  with  sugar  of  milk.* 

Sjrrupus  ferri  lodidi  (U.  S.  P.)  contains  about  5  per  cent, 
of  Fel,. 

Ferrous  oxide,  FeO,  is  a  black  powder  produced  by  the  reduc* 
tion  of  ferric  oxide  by  carbon.    It  easily  oxidizes  again. 

Ferrous  hydroxide,  Fe(0H)2,  is  precipitated  from  ferrous  solu- 
tions, by  alkaline  hydroxides,  as  a  white,  gelatinous  precipitate.  It 
also  readily  oxidizes,  becoming  green,  and  then  brown. 

Ferrous  sulphate,  protosulphate  of  iron,  green  yitriol,  cop- 
peras, ferri  sulphas  (U.  S.  P.,  Br.),  FeSO^.yHjO,  is  obtained 
pure  by  dissolving  iron  in  dilute  sulphuric  add. 

Fe  +  H^O^  «  FeSO,  +  H^ 

The  commercial  salt  is  obtained  from  pjrrites,  FeS,,  by  oxidation, 
and  as  a  by-product  in  other  processes.  It  forms  oblique  rhombic 
prisms.  When  heated  to  100®  C.  (212*^  F.)  it  gives  off  six  of  the  seven 
molecules  of  water  and  forms  ferri  sulphas  exsiccatus  (U.  S.  P.,  Br.), 
FeSO^ .  H3O.  This  is  a  nearly  white  powder,  slowly  but  completely 
soluble  in  water.  At  a  red  heat  it  decomposes  into  ferric  oxide,  and 
sulphur  dioxide  and  trioxide.  On  this  property  is  based  the  pro- 
duction of  fuming  or  Nordhausen  sulphuric  acid. 

Green  vitriol  has  an  extended  use  in  the  arts.  Among  other  uses, 
it  is  employed  in  the  manufacture  of  ink,  and  as  a  mordant  in  dyeing. 

Ammonio-ferrous  sulphate,  FeSO^ .  (NHJ^CSOJa .  6H,0,  is  a 
green,  crystalline  salt  resembling  the  sulphate.  It  is  more  stable  than 
ferrous  sulphate. 

Ferrous  carbonate,  FeCO,,  exists  in  the  mineral  siderite.  It 
may  be  obtained  by  adding  sodium  carbonate  to  ferrous  solutions. 

FeSO^  +  Na,CO,  -  FeCO,  +  Na^SO^. 

It  is  rapidly  changed  to  ferric  hydroxide  on  exposure  to  the  air; 
is  insoluble  in  pure  water,  but  soluble  in  water  containing  carbon 
dioxide,  and  is,  therefore,  present  in  many  natural  waters. 

Ferri  carbonas  saccharatus  (U.  S.  P.)  is  a  mixture  of  ferrous 
carbonate  and  sugar.  It  is  prepared  by  mixing  solutions  of  ferrous 
sulphate  and  sodium  bicarbonate,  filtering,  washing,  and  adding  sugar: 
the  mixture  is  then  evaporated  to  dryness.  It  is  a  greenish-gray 
powder.     The  sugar  is  added  to  prevent  oxidation  of  the  FeCO,. 
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Ferri  carbonas  saccharattis  (Br.)  is  prepared  from  FeSO^ .  7H,0, 

ammonium  carbonate,  and  sugar. 

Ferrous  phosphate,  triferrous  phosphate,  Fe^{FO^^  is  a  white 
precipitate  formed  by  adding  sodium  phosphate  to  a  solution  of  a  fer- 
rous salt  It  turns  blue  on.  exposure  to  the  air,  a  part  being  converted 
into  ferric  phosphate.  It  is  insoluble  in  pure  water,  but  slightly  soluble 
In  water  containing  carbon  dioxide  or  acetic  add.  A  sokible  or  add 
phosphate,  ferri  phosphas  solubilis,  is  official.  A  phosphate  of  iron 
that  turns  blue  on  exposure  to  the  air  exists  in  the  lungs  in  phthisis,  in 
bones  which  have  been  buried  for  some  time,  and  occasionally  in  pus. 

Ferrous  sulphide,  protosulphide,  FeS,  may  be  obtained,  first, 
by  fusing  a  mixture  of  sulphur  and  iron  filings,  although  the  union 
will  often  occur  slowly  at  ordinary  temperatures;  second,  by  the  pre- 
dpitation  of  a  ferrous  salt  with  alkaline  sulphides.  The  first  method 
forms  brownish,  brittle,  fusible  masses;  the  latter  yields  a  black  pow- 
der. Ferrous  sulphide  is  not  decomposed  by  heat,  but  is  decomposed 
by  sulphuric  add,  with  the  formation  of  ferrous  sulphate  and  hydro- 
gen sulphide.  It  occurs  in  the  feces  of  persons  taking  chalybeate 
waters  and  preparations  of  iron. 

Ferrous  lactate,  ferri  lactas  (U.  S.  P.),  Fe(C^Oa), .  3H,0, 
is  obtained  by  dissolving  iron  filings  in  lactic  add.  It  forms  light 
yellow  crystals,  soluble  in  water  and  insoluble  in  cold  alcohol. 

Ferrous  oxalate,  FeC304,  is  made  by  dissolving  iron  in  a  solu- 
tion of  oxalic  add.  It  is  a  bright  yellow,  crystalline  powder,  slightly 
soluble  in  hot  water. 

Ferrous  tartrate,  FeC4H40e,  is  formed  by  dissolving  iron  in  a  hot, 
strong  solution  of  tartaric  add. 

FERRIC  COMPOUNDS. 

Ferric  chloride,  sesquichloride  of  iron,  perchloride  of  iron, 
ferri  chloridum  (U.  S.  P.),  Fe,Cle,  may  be  obtained  in  anhydrous, 
volatile,  deliquescent  plates  by  heating  iron  in  chlorine  gas.  It  may 
be  formed  in  solution  by  dissolving  iron  in  hydrochloric  add  and  adding 
a  little  chlorine  water  or  nitric  acid;  or  by  dissolving  the  oxide  or  hy- 
droxide in  hydrochloric  add;  or  by  the  action  of  chlorine  on  a  solution 
of  ferrous  chloride.  To  obtain  the  solid,  it  is  only  necessary  to  evap- 
orate and  crystallize. 

It  forms  yellow,  crystalline  masses  or  rhombic  plates,  readily  soluble 
in  water,  alcohol,  or  ether. 

The  liquor  ferri  chloridi  (U.  S.  P.),  or  liquor  ferri  per- 
chloridi  fortior  (Br.),  is  an  aqueous  solution  containing  an  excess 
of  add. 
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The  U.  S.  p.  prq>aration  contains  not  less  than  39  per  cent,  of 
ferric  chloride,  and  the  Br.  preparation  58  per  cent. 

The  tinct.  ferri  chloridi  (U.  S.  P.)  is  the  same,  dihited  with 
alcohol,  and  contains  also  ethyl  chloride  and  ferrous  chloride.  It 
contains  about  13.28  per  cent,  of  FejCl^.  Tinct.  ferri  perchlo- 
ridi  (Br.)  contains  14.5  per  cent,  of  Fe,Cl^. 

Ferric  oxide,  sesquioxide  of  iron,  Fe^O,,  exists  in  nature  as 
hematite,  and  may  be  formed  by  heating  the  oxygen  compounds  of 
iron  in  tiie  air.  On  a  large  scale,  it  is  obtained  by  distilling  ferrous 
sulphate,  which  first  turns  white,  from  loss  of  water;  then  yellow, 
owing  to  the  formation  of  a  basic  hydroxide,  and  finally  to  a  brick- 
red  ferric  oxide.  It  is  used  as  a  polishing  material,  imder  the 
names  of  colcotliar,  red  crocus,  jeweler's  rouge,  or  caput 
mortuum. 

Ferrous-ferric  oxide,  F^04  =  FeO .  Fefi^  occurs  native  as 
magnetite.  It  may  be  obtained  artificially  by  conducting  steam 
over  ignited  iron.  It  constitutes  the  natural  magnets,  or  mag- 
netite. 

Ferric  hydroxide,  ferri  hydroxidum  (U.  S.  P.),  is  a  vol- 
uminous, reddish-brown,  gelatinous  mass,  precipitated  by  alkaline 
hydroxides  from  ferric  solutions.  When  dried  at  100®  C.  (212*^  F.), 
it  loses  2H2O.  Freshly  precipitated  ferric  hydroxide  is  soluble  in  a 
solution  of  ferric  chloride  or  acetate,  and  if  such  a  solution  be  dialyzed, 
the  iron  salt  diffuses,  leaving  the  pure  ferric  hydroxide  on  the  dialyzer. 
The  dialyzed  iron  so  obtained  is  coagulated  by  heat,  acids,  or  alkalies 
into  a  jelly-like  mass.  It  is  a  good  antidote  in  arsenic-poisoning. 
(Seep.  176.) 

Ferric  sulphate,  Fe,(S04)„  is  obtained  by  dissolving  the  oxide 
in  sulphuric  add.  It  remains,  after  evaporating  the  solution,  as  a 
white  mass,  which  dissolves  readily  in  water,  forming  the  liquor 
ferri  tersulphatis  (U.  S.  P.),  liquor  ferri  persulphatis  (Br.). 
This  solution  is  a  dark,  reddish-brown  liquid,  having  an  acid,  styptic 
taste.  Another  sulphate,  which  is  basic,  is  formed  by  treating  ferrous 
sulphate,  77  parts,  with  nitric  acid,  and  evaporating  after  adding  7 
parts  sulphuric  add. 

This,  in  solution,  is  the  liquor  ferri  subsulphatis,  or  MonsePs 
solution,  Fe40(SOj5. 

Ferric  alum,  ammonio-ferric  alum,  ferri  et  ammonii  sul- 
phas (U.  S.  P.),  (NHj3Fe,(S04)4 .  24H3O,  is  prepared  by  adding 
a  solution  of  ammonium  sulphate  to  a  solution  of  ferric  sulphate, 
and  evaporating  down  and  allowing  it  to  crystallize.  The  crystals 
are  colorless  to  pale  amethyst,  regular  octahedra,  soluble  in  3  parts 
of  water  at  15**  C.  (59*^  F.).    The  solution  has  an  add  reaction  and 


IRON.  2S1 

an  astringent  taste,  but  not  so  astringent  as  ferric  sulphate.  It  gives 
the  reactions  for  ferric  iron,  ammonia,  and  sulphates.  It  is  employed 
in  medicine  as  an  astringent,  both  internally  and  locally. 

Ferric  nitrate,  Fe,(NO^e>  is  formed,  together  with  ferrous  nitrate, 
by  dissolving  iron  in  nitric  add.  Liquor  fern  pemitratis  (Br.)  is 
an  aqueous  solution  of  ferric  nitrate.  Ferric  nitrate  crystallizes  in 
rhombic  prisms  with  i8H,0,  or  in  cubes  with  i2H,0. 

Scale  Compounds  of  Iron. — ^These  are  certain  salts  of  iron,  mostly  with  or- 
ganic acids,  which  do  not  crystallize  readily,  but  are  put  into  the  market  in  the  form 
of  thin  scales.  They  are  prepared  by  evaporating  their  solutions  to  a  thick,  syrupy 
consistence,  spreading  upon  glass  plates,  drying,  and  then  detaching  the  thin  scales 
from  the  ^lass.    They  are  all  used  m  medicine. 

Fern  citras  (U.  S.  P.)— citrate  of  iron — is  prepared  by  dissolving  freshly  pre- 
cipitated ferric  hydroxide  in  a  solution  of  citric  acid,  evaporating  the  solution  to  the 
proper  consistency,  and  scaling.  After  its  aqueous  solution  has  been  evaporated 
tiix>n  glass,  it  forms  beautiful,  thin,  transparent  scales,  of  a  garnet-red  color,  slowly 
soluble  in  cold  but  freely  in  hot  water,  ana  possessing  a  mild,  chalybeate  taste. 

Ferri  et  ammonii  citras  (U.  S.  P.). — Citrate  of  iron  and  ammonia  is  fonned 
by  treating  a  solution  of  citrate  of  iron  with  ammonium  hydroxide,  and  evaporating 
at  a  temperature  that  should  not  exceed  60®  C.  (140®  F.). 

It  also  forms  garnet-red  scales,  which  are  readily  and  wholly  soluble  in  water, 
forming  a  solution  that  is  neutral  to  litmus  paper  and  slightly  st3rptic  in  taste. 

Ferri  et  ammonii  tartras  (U.  S.  P.). — Tartrate  of  iron  and  ammonia,  a  double 
salt — ^is  formed  by  the  action  of  tartaric  acid  upon  ferric  and  ammonium  hydroxides. 
Upon  evaporating  the  solution,  garnet-red  scales  remain,  which  are  slowly  soluble 
in  water.  Their  solution  is  neutral  to  test-paper,  and  is  of  a  sweetish,  rather  pleas- 
ant taste. 

Ferri  et  potassii  tartras  (U.  S.  P.),  femun  tartaratum  (Br.),  potassio- 
tartrate  of  iron,  may  be  obtained  by  dissolving  ferric  hydroxide  in  a  solution  of  add 
tartrate  of  potassium  and  evaporating  on  glass.  It  forms  ruby-red  scales,  having 
about  the  same  properties  as  the  ammoniotartrate. 

Ferri  et  Qninise  citras  (U.  S.  P.,  Br.) — citrate  of  iron  and  quinine — contains 
citric  acid,  ferric  hydrate,  and  quinine  citrate.  It  is  prepared  by  adding  quinine  and 
a  little  citric  add  to  a  solution  of  ferric  dtrate,  and  evaporating.  It  forms  transpar- 
ent scales  of  a  greenish  tint,  slowly  soluble  in  cold  water,  but  freely  in  hot  water 
forming  bitter,  slightly  st)rptic  solutions. 

Fern  et  strychmnse  citras  (U.  S.  P.)  closely  resembles  the  citrate  of  iron  and 
ammonia  in  appearance,  but  has  a  bitter  taste,  and  gives  a  white  precipitate  with 
ammonium  hyoroxide.  It  is  prepared  by  adding  a  solution  of  strychnine  citrate 
to  a  solution  of  dtrate  of  iron  and  ammonium,  evaporating  on  a  water-bath  to  a 
syrup,  and  drying  on  glass. 

^erri  Phosphas  (Br.). — Fe2(POJ^.  Phosphate  of  iron  occurs  as  the  result 
of  a  double  decomposition  between  feme  sulphate  and  sodium  phosphate.  It  forms 
a  blight,  slate-colored  powder,  insoluble  in  water,  but  soluble  in  adds. 

Ferri  phorahas  solubiUs  (U.  S.  P.)  is  prepared  by  adding  sodium  phosphate 
to  a  solution  of  ferric  dtrate,  evaporating  down  at  a  temperature  not  exceeding  60^  C. 
(140^  F.),  and  spreading  upon  elass  to  form  scales. 

^  Ferri  Pyrophosf^ias  Solubilis  (U.  S.  'P.).--Ft^(Pfij\,  Pyrophosphate  of 
iron  is  fonned  by  addmg  a  solution  of  sodium  pyrophosphate  to  a  solution  of  a  ferric 
dtrate.  It  does  not  crystallize,  but  forms  scales  upon  evaporating  its  solution. 
These  are  thin,  apple-green  in  color,  turn  dark  on  exposure  to  the  air,  and  are  soluble 
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in  water,  but  not  in  alcohol.  Ammonium  hydroxide  produces  no  precipitate  in  its 
solution,  but  sodium  hydroxide  does.  The  official  salt  contains  for^-eignt  per  cent, 
of  anhydrous  ferric  pyrophosphate. 


KICKEL. 

Ni  -  5«.7. 

Occurrence^  Preparation,  and  Properties.— This  metal  is 
found  native  in  meteorites.  Its  most  common  ares  are  niccolite, 
NijAS,,  and  nickel  glance,  NiAS^NiS,.  These  ores  of  nickel,  how- 
ever, usually  also  contain  cobalt,  and  the  cobaltous  ores  are  also  com- 
monly nickd-bearing.  The  separation  of  nickel  from  its  xxes  is  a 
very  complicated  process,  and  for  an  accoimt  of  it  the  reader  is  re- 
ferred to  works  on  metallurgy.  Nickel  may  be  prepared  chemically 
pure  by  igniting  its  oxalate  or  carbonate  in  a  stream  of  hydrogen. 
This  metal  is  silver-white,  tenacious,  and  very  lustrous.  Sp.  gr.,  .8.9. 
It  is  attracted  by  the  magnet.  It  does  not  alter  in  the  air,  but  dis- 
solves in  the  mineral  adds,  especially  nitric. 

compouuds. 

The  following  are  the  most  common  of  the  nickel  compounds; 
they  are  mostiy  ous  compounds,  having  the  general  form  NiR^,  and 
all  possess  a  green  color;  nickelous  hydroxidei  Ni(OH)j;  nickelous 
chloride,  NiCl3.6H,0;  nickelous  cyanide,  Ni(CN)j;  nickelous 
sulphate,  NiSO^.yHjO;  and  nickelous  sulphide,  NiS.  Nickelic 
oxide,  NijOg,  and  hydroxide,  Nia(OH)j,  exist,  and  are  similar  to 
the  corresponding  cobalt  compounds.  Nickel  is  used  largely  in  certain 
alloys,  and  for  electroplating. 


COBALT. 

Co  =  59.5. 

Occurrence,  Preparation,  Properties,  etc.— Smaltite,  CoAs,, 
and  cobaltite,  CoAs, .  C0S3,  are  the  most  commonly  occurring 
native  ores  of  cobalt.  It  is  prepared  in  the  same  manner  as  nickel. 
It  is  a  white  metal,  tenacious,  and  fusible  with  great  difficulty;  sp.  gr., 
8.9.    Its  other  properties  are  very  similar  to  those  of  nickel. 

Cobalt  compotinds  are  also  chiefly  ous  compounds,  corresponding 
to  the  general  form  CoR^.  Those  containing  water  have  a  reddish 
color;  the  anhydrous  compounds  are  blue. 

The    cobaltous    compounds    are:    cobaltous    chloride,    CoCl,; 
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cobaltous  hydroxide^  CoCHO),;  cobaltous  sulphate,  C0SO4 .  7H,0; 
cobaltous  nitrate,  Co(N03)2 .  6H3O;  and  cobaltous  sulphide,  CoS. 

The  cobaltic  compounds  are  cobaltic  oxide,  Co^O,,  and  cobaltous- 
cobaltic  oxide,  CogO^  =  Co,Og .  CoO.  The  latter  corresponds  to 
magnetite,  Fe^O^. 

A  solution  of  cobalt  salt  to  which  some  sodium  nitrite  has  been 
added  is  used  as  a  reagent  for  the  detection  of  potassium,  with  which 
it  gives  a  yellow  precipitate,  in  the  presence  of  acetic  add. 

Tests  for  Iron,  Nickel,  and  Cobalt.— i.  These  metals  are  all  precipitated 
from  neutral  or  alkaline  solutions  by  (NHJHS  as  black  sulphides. 

2.  Ammonium  hydroxide  precipitates  from  ferrous  solutions  greenish-white 
Fe(OH),  which  soon  turns  brown. 

From  ferric  solutions  NH^OH  precipitates  a  reddish-brown,  flocculent  FeaCl«. 
Nickel  does  not  precipitate,  but  the  solution  becomes  greenish-blue. 

Potassium  sulphocyanate  gives  a  blood-red  color  with  ferric,  but  no  color  with 
ferrous,  iron  salts. 

Potassium  ferrocyanide  gives  a  deep-blue  color  with  ferric  salts. 

Potassium  feriicyanide  gives  a  deep-blue  color  with  ferrous  salts. 


THE  PLATINUM  GROUP  OF  METALS. 

The  last  six  elements  of  Group  VIII  are  usually  classed  as 
'^metals  of  the  platinum  ores/'  or  the  platinum  group  of  metals. 
The  platinum  ore,  or  crude  alloy,  occurs  in  small  metallic  grains  in 
sands  of  a  few  regions,  chiefly  in  the  Ural  Mountains,  California, 
Brazil,  Borneo,  Australia,  and  Ceylon.  These  metals  all  form  hydrox- 
ides (or  salts  representing  them)  having  acid  properties,  and  therefore 
play  both  the  positive  and  negative  r61es.  Platinum  is  the  only  one 
used  to  any  extent  in  the  metallic  condition.  These  metals  are  very 
heavy;  osmium  has  a  sp.  gr.  of  21.47,  ^^  highest  sp.  gr.  known. 


PLATmUM. 

pt  =  195. 

Occurrence,  PropertieSi  etc—It  exists  in  nature  associated 
with  the  other  members  of  die  group;  also  in  ores  containing  gold, 
lead,  silver,  and  iron. 

It  is  a  lustrous,  white  metal;  sp.  gr.,  21.5.  It  is  very  tenacious, 
maUeable,  ductile,  and  is  capable  of  being  drawn  out  into  very  fine 
wire.  At  high  temperatures  it  softens  without  melting;  it  fuses  at 
about  1770®  C.  (3218^  F.).    Upon  heating  the  double  chloride  of 


284  MEDICAL  CHEMISTRY. 

platinum  and  ammonium,  it  decomposes,  leaving  a  grayish-black, 
six)ngy  mass,  caUed  platinum  sponge.  This  latter  has  the  property 
of  absorbing  great  quantities  of  certain  gases.  A  jet  of  hydrogen 
projected  upon  it  readily  ignites,  because  of  the  condensation  and 
oxidation  of  the  hydrogen  in  the  pores  of  the  sponge,  the  heat  devel- 
oped being  sufficient  to  ignite  the  hydrogen.  Platinum  is  not  affected 
by  the  air  or  oxygen.  It  unites  with  chlorine,  arsenic,  silicon,  sul- 
phur, and  phosphorus.  It  does  not  dissolve  in  the  single  adds,  and  is 
only  soluble  in  liquids  generating  free  chlorine,  as  aqua  regia.  With 
many  heavy  metals  it  forms  easily  fusible  aUoys.  Therefore,  easily 
reducible  metallic  oxides,  as  those  of  arsenic,  lead,  etc.,  ought  never 
to  be  ignited  in  platinum  vessels.  Platinum  is  valuable  for  its  high 
fusing  point  and  its  power  to  withstand  oxidation.  It  is  expensive 
because  of  its  scarcity. 

Platinum  Compounds. — These  are  of  two  series — platinous, 
PtRj,  and  platinic,  PtR^.  In  the  .first  the  metal  is  more  basic  and 
in  the  latter  more  negative  in  nature. 

Platintun  tetrachloride,  PtCl^,  is  obtained  by  dissolving  platinum 
in  aqua  regia  and  evaporating  off  the  nitric  acid.  On  evaporating,  it 
crystallizes  in  soluble,  reddish-yellow  needles.  With  ammonium  or 
potassium  chloride  and  the  alkaloids,  it  forms  characteristic  double 
chlorides.  It  is  largely  used  as  a  reagent  to  precipitate  potassium, 
ammonium,  or  the  alkaloids,  for  quantitative  estimation. 


OSMIUM. 

Os  ='  xgo.8. 

Thi^  rare  metal,  occurring  with  some  of  the  other  platinum  metals,  is  mentioned 
here  for  the  sake  of  its  oxide,  OsO^,  which  has  received  considerable  attention  as  a 
staining  agent.    The  metal  resembles  platinum. 

The  tetroxide,  OSO4  (so-called  osmic  acid),  may  be  prepared  by  roasting  the 
metal  in  air,  or  by  the  action  of  chlorine  and  moisture  upon  osmium.  The  oxide 
occurs  as  lustrous,  transparent,  yellow  needles,  having  a  very  irritating,  piercing 
odor,  and  is  intensely  poisonous.  It  has  been  used  to  arrest  the  motions  or  to  kill  the 
organisms  in  water,  for  microscopic  examination. 

Many  kinds  of  organic  substances  reduce  this  oxide  and  precipitate  the  metal 
and  it  is  due  to  this  property  that  it  has  found  use  as  a  staining  agent  in  histology. 
It  is  used  chiefly  in  a  one  per  cent  aqueous  solution  for  fixing  and  staining  nerve- 
tissue.     Fat  is  blackened  by  it. 

Osmic  add  has  been  employed  as  a  remedy  in  neuralgia,  goiter,  and  in  epilepsy, 
in  doses  of  ^  of  a  grain. 


PART  iV. 

ORGANIC  CHEMISTRY. 

INTRODUCTION. 

The  substances  derived  from  the  animal  and  vegetable  kingdoms 
are  composed  principally  of  four  elements:  carbon,  hydrogen,  oxygen, 
and  nitrogen,  with  occasionally  sulphur  and  phosphorus.  Few  as  are 
the  chemical  elements  concerned,  the  number  of  the  compounds  of 
these  elements  is  almost  endless.  Formerly  only  those  substances 
directly  or  indirectly  derived  from  bodies  possessing  vegetable  or  animal 
Bfe  were  considered  as  organic;  but  as  our  knowledge  increased,  a 
large  number  of  compounds  were  prepared  in  the  laboratory,  from  these 
bodies,  which  were  identical  with  others  prepared  by  plants  and  animals 
themselves.  It  was  thus  demonstrated  that  many  of  the  products 
of  living  organisms  could  be  prepared  by  pure  chemical  agendes  and 
that  a  vital  principle  was  not  necessary  to  form  these  compounds;  and 
also  that  by  the  same  chemical  action  a  great  many  compounds  could 
be  formed  which  could  not  be  found  in  either  animal  or  vegetable 
organisms.  This  greatly  enlarged  the  field  of  investigation,  and  a 
new  meaning  was  attached  to  ^e  term  organic  chemistry,  tt  was 
found  necessary  to  extend  the  science  to  include  all  bodies  in  any 
way  resembling  organic  compounds,  either  in  composition  or  proper- 
ties— f.  e.,  all  compounds  containing  carbon  and  hydrogen.  Carbon 
and  hydrogen  are  the  indispensable  elements  to  the  formation  of  organic 
bodies;  without  these  we  can  have  no  substance  capable  of  vegetable 
or  animal  life.  In  the  great  majority  of  organic  compounds  we  also 
have  oxygen  or  nitrogen,  or  both.  The  distinction  between  organic 
and  inorganic  compounds  is  more  one  of  convenience  than  of  fact. 

Organic  chemistry  may  be  defined  as  that  branch  of  the  science 
of  chemistry  which  treats  of  the  carbon  compounds  containing  hydro- 
gen and  of  their  derivatives. 

While  inorganic  compounds,  as  a  rule,  contain  but  a  few  atoms, 
organic  compounds  frequently  contain  a  large  number;  and  the 
diversity  in  organic  chemistry  is  obtained  not  alone  by  varying  the 
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kind  of  atoms,  but  by  varying  the  arrangement  of  a  few  kinds 
There  exist,  however,  certain  organized  bodies  which  possess  a  struc- 
ture entirely  different  from  that  of  any  known  inorganic  body  or  arti- 
ficial organic  substance.  These  organized  structures  are  the  sole  prod- 
uct of  vital  action,  and  can  not  be  produced  in  the  laboratory.  They 
are  composed  of  a  collection  of  organic  substances  of  definite  compo- 
sition. Such  composite  bodies  are  the  cells  of  living  organisms,  and 
although  we  may  be  able  at  some  time  to  construct  molecules  similar 
to  those  composing  them,  we  shall  never  be  able  to  impart  that 
function  of  growth,  reproduction,  and  other  vital  processes  which  we 
call  life.  The  complexity  of  orgam'c  compounds  may  readily  be 
attributed  to  the  inherent  properties  of  the  carbon  atoms  of  which 
they  are  composed.  The  atoms  of  carbon  exhibit,  in 
a  remarkable  degree,  a  tendency  to  combine  themselves 
into  groups  or  chains,  around  which  the  other  atoms  or 
groups  of  atoms  are  arranged. 

S^aratioii  and  Purification  of  Organic  Com- 
pounds.— The  study  of  an  organic  compound  can  only 
be  undertaken  when  it  is  obtained  in  a  pure  state. 
The  separation  of  a  pure  organic  substance  from  a 
mixture  is  often  attended  with  great  difficulty.  It  is 
often  necessary  to  employ  different  methods  with  different 
mixtures.  The  qualitative  analysis  of  mixtures  of  un- 
known organic  substances  is  often  a  matter  of  extreme 
difficulty.  The  methods  employed  are  very  different 
from  those  employed  with  inorganic  substances.  There 
is  no  satisfactory  general  scheme  known  for  the  quali- 
tative separation  of  organic  substances.  The  mediods 
of  separation  of  organic  substances  are  chiefly  the 
following: 

The  Use  of  Selected  Solvents.— Organic  substances 
can  usually  be  separated  from  inorganic  substances  by  shaking  or  boiling 
with  such  solvents  as  alcohol,  ether,  benzene,  chloroform,  carbon  disul- 
phide,  carbon  tetrachloride,  acetone,  etc.  Most  organic  compounds  are 
soluble  in  one  or  more  of  these  solvents,  while  the  inorganic  compounds 
are  insoluble  or  nearly  so.  Water  or  dilute  adds  may  sometimes  be 
employed  as  the  solvent.  Solid  or  liquid  organic  substances  may  often 
be  separated  from  mixtures,  or  from  their  solutions  in  water,  by  ^king 
the  solution  with  some  solvent  which  does  not  mix  with  water,  such 
as  chloroform,  ether,  benzene,  amyl  alcohol,  etc.  Such  solvents  are 
termed  immiscible  solvents.  The  process  is  conducted  in  a  sepa- 
rating funnel  such  as  represented  by  Fig.  6i.  The  process  is  often 
spoken  of  as  shaking  out  the  substance  with  the  solvent  used.    After 
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shaking  the  mixture-of  liquid  and  solvent  vigorously  for  a  few  minutes, 
the  funnel  is  set  aside  to  allow  the  two  liquids  to  separate  into  two 
layers.  The  two  solutions  are  now  separated  by  drawing  oflf  the 
heavier  one  through  the  stopcock.  The  process  may  then  be  repeated 
with  a  fresh  portion  of  the  solvent,  until  the  separation  is  complete. 
The  solvent  is  then  evaporated  off  and  the  substance  recovered  in  the 
soHd  or  tiquid  state. 

Ci]r8tallizationy  when  it  can  be  applied,  is  one  of  the  simplest 
and  best  means  of  separating  organic  as  well  as  inorganic  substances. 
It  can  not,  however,  be  etnployeid  with  many  organic  substances,  as 
they  will  not  form  crystals. 

Fusing  Point. — When  pure,  the  fusing  point  of  organic  com- 
pounds is  &iriy  constant  Some  of  these  compounds,  however,  de« 
compose  before  reaching  their  fusing  points. 

The  fusing  point  is  usuaUy  determined  by  pladng  a  small  quantity 
of  the  substance  in  a  cajMllary  tube,  made  by  drawing  off  a  piece  of 
glass  tubing  after  heating  it  in  the  flame  of  a  Bunsen  burner.  This 
tube  is  now  fastened  to  die  side  of  a  thermometer  by  a  rubber  band, 
so  that  the  substance  is  opposite  the  bulb  of  the  thermometer.  The 
thennometer  and  capillary  tube  are  then  placed  in  a  bath  of  water 
or  paraffin,  contained  in  a  beaker  or  flask,  and  the  bath  is  gradually 
heated.  When  the  substance  melts,  the  temperature  of  the  bath  is 
noted. 

Boiling  Point. — ^Most  organic  liquids  boil  at  a  constant  tempera- 
ture, and  without  decomposition.  A  mixture  of  different  liquids  does 
not  have  a  constant,  but  a  variable,  boiling  point.  The  boiling  point 
at  a  constant  atmospheric  pressure  is  one  of  the  most  important  means 
of  determining  the  piurity  and  the  identity  of  an  organic  compound. 
The  boiling  points  of  organic  liquids  serve  to  separate  one  from 
another  having  a  higher  or  lower  Ixnling  point,  by  the  process  known 
as  fractional  cUstillation.  In  this  process  the  mixed  liquids  are  placed 
in  a  retort  or  distilling  flask,  with  a  thermometer  suspended  above  the 
liquid;  heat  is  now  applied  to  the  retort,  and  the  distillates  coming 
over  at  fixed  intervak  of  temperature  are  collected  separately.  By 
repeating  the  process,  the  liquids  may  finally  be  separated.  The 
boiling  point  of  a  liquid  is  determined  by  pladng  it  in  a  dis- 
tilling flask  or  retort,  and  suspending  a  thermometer  through  a  per- 
forated cork  in  the  neck  of  the  flask  so  that  the  bulb  is  just  above  the 
surface  of  the  liquid.  That  is,  we  determine  the  temperature  of  the 
escaping  vapor. 

Polariscopic  Examination.— This  method  cf  examination  of 
organic  bodies  is  applicable  to  certain  substances  only,  and  is  of  im- 
Dortance  when  available.  The  method  of  examination  has  been  de- 
xnoea  on  page  36. 
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Spectroscopic  Examination.— This  method-  is  applicable  to 
many  colored  substances,  which  give  characteristic  absorption  spectra. 
(See  p.  29  and  Frontispiece.) 

Qualitative  Examination  of  Organic  Bodies.— Organic  bodies 
may  usually  be  distinguished  from  inorganic  by  their  behavior  when 
heated.  Organic  bodies  are  either  completely  volatilized  when  moder- 
ately heated,  or  are  decomposed  into  certain  volatile  products,  leaving 
a  black  char  behind  them.  When  strongly  heated  in  the  air,  they  take 
fire  and  bum.  Those  which  distil  unchanged,  deposit  carbon  when 
their  vapor  is  conducted  through  a  red-hot  tube.  The  chief  elements 
found  in  organic  compounds  are  carbon,  oxygen,  hydrogen,  nitrogen^ 
sulphur,  phosphorus  J  and  occasionally  the  halogens  or  the  tn^als. 

Carbon.- The  best  proof  of  the  presence  of  carbon  in  an  or- 
ganic substance  is  given  by  burning  it  in  an  atmosphere  of  oxygen, 


Fio.  6a. 

or  by  heating  it  dry  with  CuO  and  collecting  the  CO2  evolved.  The 
presence  of  COj  may  be  shown  by  passing  the  gas  from  the  combus- 
tion through  a  solution  of  lime-water.     (See  p.  195.) 

The  quantitative  estimation  of  carbon  is  conducted  on  the  same  principle, 
but  the  CO2  is  absorbed  by  a  solution  of  potassium  hydroxide  contained  in  a  U-tube, 
and  weighed  before  and  after  the  experiment.  The  difference  in  these  weights  gives 
the  weight  of  CO,,  from  which  the  carbon  may  be  calculated.  This  operation  is 
conducted  in  a  specially  constructed  furnace.  The  substance  to  be  analyzed  is 
mixed  with  oxide  of  copper  in  a  hard-glass  tube,  which  is  then  heated  in  the  furnace 
shown  in  figure  62  by  a  row  of  gas-burners. 

The  watery  vapor  and  CO,  are  passed  through  a  previously  weighed  tube  con- 
taining dry  CaClj,  which  absorbs  all  the  water.  The  CO,  passes  on  and  is  absorbed 
by  the  solution  of  potassium  hydroxide  contained  in  the  series  of  bulbs  in  the  next 
tube,  seen  at  the  right  of  the  furnace.  When  the  combustion  is  complete,  air  is 
drawn  through  the  apparatus,  by  the  aspirator  bottle  shown  at  the  right  of  the  fur- 
nace. The  air  is  first  freed  from  moisture  and  CO„  by  passing  through  the  train 
of  jars  shown  at  the  left  of  the  furnace.    The  increase  in  weight  of  the  tube  contain- 
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ing  the  CaCl,  and  that  containing  the  KOH,  ^ves  the  H,0  and  CO,  respectively, 
from  which  the  hydrogen  and  carbon  producing  them  may  be  calculated.  The 
oxygen  in  organic  compounds  is  always  determined  by  the  difference  between  the 
sum  of  the  other  elements  found  and  the  weight  taken. 

Nitrogen  may  be  tested  for  by  burning  the  substance  in  the  air, 
when,  if  nitrogen  be  present  in  more  than  traces,  it  will  give  off  an 
odor  like  that  of  burning  feathers  or  horn.  .  Some  organic  substances 
containing  nitrogen,  on  being  heated,  explode.  Another  method  of 
testing  for  nitrogen  is  to  heat  the  substance  with  sodium  hydroxide 
and  lime  in  powder,  or  soda-lime^  when  ariunonia  is  evolved.  This 
may  be  detected  by  its  odor,  its  reaction  with  moistened  litmus  paper, 
or  fuming  HCL  Or,  the  substance  may  be  heated  with  strong  H^04, 
when  the  nitrogen  is  converted  to  ammonium  sulphate. 

Sulphur  may  be  detected  in  many  cases  by  heating  the  substance 
with  a  strong  solution  of  potassium  hydroxide  and  adding  a  solution 
of  a  lead  salt,  which  is  tinned  black  if  sulphur  be  present. 
Anotfier  method  of  testing  for  sulphur:  Solids  are  fused  with  two 
parts  of  potassium  hydroxide  and  one  of  potassium  nitrate.  After 
cooling,  the  mass  is  dissolved  in  water,  HCl  added,  and  sulphates 
tested  for  with  BaCl,.  Liquids  are  treated  with  fuming  HNO„  or  a 
mixture  of  HNO3  and  KCIO3,  with  a  gentle  application  of  heat.  The 
solution  may  then  be  tested  for  sulphates  as  above.     (See  p.  146.) 

The  halogens  may  be  detected  by  heating  the  substance  with 
lime,  afterward  dissolving  in  water,  acidifying  with  HNOg,  and  add- 
ing a  solution  of  Ag(NOJ.  The  halogens  ase  precipitated  either 
as  AgCl,  AgBr,  or  Agl. 

I^osphorus  may  be  detected  by  fusing  the  substance  with  KNO, 
and  KOH,  dissolving  in  water,  and  testing  for  phosphoric  add. 

The  results  of  a  quantitative  analysb  are  expressed  in  percentages,  either  by 
volume  or  by  weight  The  above  method  of  estimating  the  elemented  constituents 
of  a  compound  is  called  ultimate  analysis,  to  distinguish  it  from  proximate  anal- 
ysis, which  term  is  applied  to  the  process  of  separating  the  constituents  of  a  mix- 
ture of  substances,  or  an  atomic  group  in  a  complex  compound.  For  example, 
when  we  separate  the  foods  into  Uieir  proteids,  fats,  carbohydrates,  and  ash,  we 
call  it  proximate  analysis.  Sometimes  the  term  is  extended  to  such  processes  as  the 
estimation  <^  the  amount  of  salicylic  add  in  methyl  salicylate. 

THB  DBTBRMIKATION  OF  THE  MOLECXTLAR  WEIGHT  OF 
ORGANIC  COMPOUNDS. 

Physical  Methods.— Vapor  Density.— By  vapor  density  is 
meant  the  density  of  the  vapor  of  a  volatile  substance  when  compared 
with  hydrogen.  (See  p,  3.)  The  vapor  density  of  volatile  organic 
compounds  affords  an  easy  and  certain  means  of  determining  their 
molecular  weights.    On  page  76  we  have  seen  that  the  molecular  weight 
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of  any  body  is  twice  its  density  in  the  gaseous  state,  or  the  density  of 
a  gas  or  vapor  is  half  its  molecular  weight.  The  easiest  method  of 
determining  the  vapor  density  of  a  substance  is  that  known  as  Victor 
Meyer's. 

The  apparatus  (represented  by  Fig.  63)  consiste  of  an  outer  tube  of  glass  (a), 
the  bulb  of  which  contains  water  or  other  fluid  which  has  a  constant  and  known 

boiling  point.  The  inner  tube  {b)  contains 
air,  is  stoppered  at  the  upper  end,  and  is  pro- 
vided with  a  delivery  tube  (d)  to  allow  the 
escape  of  the  air,  as  it  is  heated  by  the  vapor 
of  the  boiling  fluid  in  the  outer  tube. 

The  open  end  of  this  tube  is  placed  in  a 
cup,  under  water,  while  the  water  is  being 
boiled.  As  soon  as  the  air  ceases  to  escape 
from  the  delivery  tube  (d),  the  cork  («)  is  re- 
moved from  the  top  of  the  inner  tube  (b), 
and  a  small  vial  containing  a  weighed 
amount  of  the  liquid  to  be  examined  is 
dropped  in,  and  the  cork  quickly  inserted. 
The  heat  boils  the  liquid,  forces  out  the  stop- 
I>er  in  the  vial,  and  the  vapor  thus  produced 
drives  out  an  equal  volume  of  air  through  the 
delivery  tube. 

This  air  is  collected  in  the  graduated 
tube  (/),  previously  placed  over  the  open  end 
of  the  delivery  tube,  and  carefully  measured. 
The  volume  of  air  obtained  represents 
the  volume  of  the  vapor  at  the  temperature 
of  boiling  water  or  other  liquid  used  in  the 
outer  tube.  The  true  volume  under  standard 
conditions  is  now  to  be  calculated  by  the 
formula  given  on  page  12.  Practically,  this 
correction  is  usually  made  by  reference  to 
tables  prepared  for  the  purpose. 

The  volume  of  the  vapor  of  a  liquid  of 
known  weight  having  been  determined,  we 
may  easily  calculate  the  density. 

For  example,  suppose  o.i  gm.  of  alcohol 
be  taken,  and  we  obtain  48.5  c.c.  of  air,  after 
making  the  necessary  corrections.  Now, 
o.i  gm.  of  hydrogen  measures  11 16  c.c.  at 
o®  C.  and  760  mm.  pressure.  We  now  com- 
pare these  volumes,  and  we  have  i^-  «  23, 

40.5 
or  the  hydrogen  occupies  23  times  the  volume 
of  an  equal  weight  of  alcohol  vapor.  Or, 
one  liter  of  hydrogen  under  standard  con- 
One  c.c.  of  h)rdrogen  then  weighs  0.0000899 
gm.;  48.5  cc.  of  hydrogen  will  weigh  0.00436  gm.  By  dividing  the  weight  of  the 
alcohol  taken  (0.1  gm.)  by  the  weight  of  48.5  c.c.  of  hydrogen  we  obtain  23  as  the 
density  of  the  alcohol  vapor.  As  the  density  of  the  alcohol  vapor  is  23,  its 
molecular  weight  must  be  46  (p.  76). 


Flo.  ^.— Vicros  Meter's  Apparatus. 


didons  weighs  0.0899  gm.  (p.  102). 
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Detennination  of  Molecular  Weight  by  the  Freezing  Point 
of  Solutions. — The  effect  of  dissolved  substances  in  lowering  the 
freezing  point  of  the  solvent  was  first  discovered  by  Blagden  in  1788^ 
who  stated  that  the  depression  of  theNfreezing  point  of  aqueous  sola- 
tions  is  proportional  to  the  strength  of  the  solution.  Raoult  has 
developed  this  law  into  the  following:  Solutions  containing^  in  equal 
volumes  of  a  solvent,  quantities  of  dissolved  substances  proportional  to 
their  molecular  weights  have  tJie  same  freezing  point.  The  relation 
between  the  solid  in  a  solution  and  its  solidifying  point  furnishes  a 
means  of  determining  the  molecular  weight  of  soluble  non-volatite 
substances.  This  method  consists  in  determining  the  amount  of  the 
lowering  of  the  freezing  point  of  a  solvent,  due  to  the  substance  dis- 
solved in  it.  The  method  is  based  upon  the  following  principles,  well 
established  by  experiment  (compare  p.  66) : 

1.  The  lowering  of  the  freezing  point  of  a  solution  of  a  solid 
in  a  liquid  with  which  it  forms  no  chemical  union,  is  proportional 
to  the  number  of  molecules  of  the  solid  in  a  given  volume 
of  the  solution. 

2.  That  is,  the  same  number  of  molecules  always  have  the  same 
depressing  effect  upon  the  freezing  point  of  a  solvent,  regardless  of 
the  nature  of  the  substance  in  solution. 

3.  One  molecule  of  any  non-volatile  substance,  dissolved  in  100 
molecules  of  a  liquid,  has  been  found  to  depress  the  freezing  point  by 
nearly  a  constant  amount,  which  is  0.62®  C. 

4.  A  gram-molecule  of  any  substance  dissolved  in  100  grams  of 
a  solvent  lowers  the  freezing  point  of  the  solvent  by  a  constant  amount, 
provided  there  is  no  aggregation  or  dissociation  of  the  molecules.  For 
water  this  constant  is  approximately  18.8®  C;  for  benzene,  49®  C; 
for  phenol,  75°  C;  for  acetic  acid,  38.8°  C;  and  for  formic  acid, 
2^,f  C. 

As  it  is  rarely  possible  to  dissolve  a  gram-molecule  of  a  substance 
in  100  gm.  of  the  solvent,  we  are  obliged  to  work  with  weaker  solutions. 
The  depression  of  the  freezing  point  in  such  cases  will  be  less  than 
the  above  constants.  For  a  solution  containing  one-tenth  of  the  gram- 
molecule  in  100  c.c.  of  the  solvent,  the  lowering  of  the  freezing  point 
will  be  one-tenth  of  the  constant.  The  gram-molecule  of  any  substance 
in  aqueous  solution,  then,  or  its  molecular  weight,  may  be  found  by  the 
following  proportion:  The  observed  lowering  of  temperature,  /^: 
i8.8  : :  the  weight  of  the  substance,  in  grams,  in  loo  c.c.  of  the 
solution :  the  molecular  weight. 

For  example,  a  solution  of  glucose  containing  10  gm.  to  100  gm.  of  water  was 
placed  in  a  beaker  of  400  c.c.  capacity,  and  provided  with  a  three-holed  cork — one 
hole  for  the  thermometer  and  one  for  the  stirring  rod.    It  was  cooled  to  — 2®  C.    A 
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crystal  of  ice  from  a  similar  solution  was  dropped  in,  through  the  third  hole  in  the 
cork,  to  make  it  freeze.  The  thermometer  rose  to  — 1.04**  C.  The  depression  due 
to  I  gm.  was  then  one-tenth  of  this,  or  0.104**  C.    Hence,  we  have: 

0.104: 18.8::  i:  Mol.  Wt  -  180.7. 

Or,  M  -    '  ^  '^-^    -  180.7. 

A  —  0.104 

the  molecular  weight  of  glucose.  Analysis  gives  us  the  empirical  iormula,  CILO  — 
30.  By  multiplying  this  number  by  6,  the  result  is  180,  which  is  near  enough  to  aeter« 
mine  that  as  its  formula,  instead  of  any  other  multiple  of  30.  The  slight  difference 
h^  is  within  the  limits  of  experimental  error. 

To  deduce  the  formula  from  analysis.  Rule:  Divide  the 
percentage  of  each  element  by  its  atomic  weight,  and  express  the  ratio 
of  these  quotients  in  their  lowest  terms. 

Examples. 
The  analysis  of  alcohol  gave: 

C  -  52.16. 
O  -  34.80. 
H  -  13.04. 

52.16  -J-  12  —     4.34  atoms  of  carbon. 
34.80  -^  16  »    a. 1 7  atoms  of  oxygen. 
13,04  -hi  —  13.04  atoms  of  hydrogen. 
Ratios:  C,  4.34;  0,2.17;  H,  13.07. 

Lowest  terms:  C,  2;      O,  i:      H,    6. 

As  per  cent,  is  parts  in  one  hundred,  we  may  calculate  the  amount  of  carbon  in 
each  molecule  by  the  following  proportion:  100  :  46  : :  52.16  :  23.99;  or  in 46  parts 
of  alcohol  there  are  approximately  24  parts  of  carbon. 
For  oxyeen  we  have  100  :  46  :  :  34.80  :  x  «  16.008. 

For  hyctogen  we  have  100  :  46  :  :  13.04  :  x  —  5*998.  The  atomic  weight  of 
carbon  is  known  to  be  12,  or  each  molecule  of  alcohol  contains  2  atoms  of  carbon. 
As  the  atomic  weight  of  o^^en  is  16,  each  molecule  contains  i  atom  of  oxygen. 
As  the  atomic  weight  of  hydrogen  is  i,  each  molecule  contains  6  atoms  of  h3rdrogen. 
The  molecular  formula  of  alcohol  is  C^H^O,  making  the  molecular  weight  46. 
The  vapor  density  of  alcohol  we  found  above  to  be  23;  its  molecular  weight,  there- 
fore, is  46. 

The  ultimate  analysis  of  a  bromine  derivative  of  a  hydrocarbon  gave  the  follow- 
ing results: 

C  —45.86,  H  —  3.18,  Br.  —  50.96 percent 
45-86  -s-  12  -  3.82 
3.18 -^    I         -318 
50.96  4-  80        -  0.637 
3.82  4-    0.637  -        6) 
3.18  -^    0.637  -        5  V  -  C,H.Br. 
0.637  ■*■    0.637  -         I  j 

Determination  of  the  Constitution  of  Organic  Compounds.— 

This  is  possible  only  when  we  know  the  behavior  of  the  compoimd 
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with  reagents.  This  may  be  illustrated  as  follows:  When  we  treat 
an  ether^  solution  of  CHJL  with  sodium,  we  set  free  the  methyl. 

H  H 

H^—I  +  Na  -  H^  —  +  Nal. 

It  is  seen  that  this  CH,  must  have  one  free  bond  of  attraction. 

The  vapor  density  of  this  gas  is  15.  The  molecular  weight,  there- 
fore, is  30,  or  corresponds  to  QH^;  f.  e.,  the  two  CH,  radicals  unite 

C=H. 
by  their  free  bonds,  and  we  have  | 

C=H. 

By  treating  this  C^  with  chlorine,  we  form  H^C— C^^.  This, 
treated  with  KOH,  gives  CjElfiH,  or  ethyl-alcohoL    H^C— C^^  + 

K-O-H  =  HsC-Cf  ^„  +  KQ.    As  OH  has  taken  the  place  of 

CI  in  CjH^Cl,  we  conclude  that  the  OH  has  gone  in  as  hydroxyL 
The  hydrogen  of  this  OH  can  be  replaced  with  sodium  or  potassium, 
but  none  of  the  others  in  the  molecule  can  be.  This  atom,  therefore, 
has  a  different  position  in  the  molecule  from  the  others.  The  relation 
of  the  carbon  atoms  is  not  destroyed  by  the  above  reaction,  and  there- 

C=H, 

fore  we  arrive  at  the  conclusion  that  the  formula  is  |^__^        Again, 

\ok. 
we  have  the  reactions: 

C^,OH  +  HO  -  C^,C1  +  H,0; 

I.  e.,  we  have  the  C^Hg  and  OH  groups  in  alcohol.  And  again,  if 
we  treat  C^HsCl  with  nascent  hydrogen,  we  obtain  CJL  and  HCl. 

C^  we  have  seen  above  to  be  di-methyly  or  1 \ 

In  methyl-ether,  which  is  isomeric  with  alcohol,  no  one  of  the 
hydrogen  atoms  can  be  replaced  with  sodium  or  potassium.  When 
we  remove  the  oxygen  atom  with  HI,  the  connection  of  the  carbon 
atoms  is  broken,  with  the  formation  of  compounds  having  one  carbon 
atom  only.    Thus: 

H^C— O— C=H,  +  HI  -  H  =C— O— H  +  CH^ 

or 

H^C— (>-<:=H,  +  2HI  -  2H  =C— I  +  HjO. 

This  shows  that  the  oxygen  atom  in  methyl-ether  acts  as  a  link  be- 
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tween  the  two  carbon  atoms,  as  its  removal  breaks  the  molecule  apart; 

also  that  the  hydrogen  atoms  are  all  alike  in  the  molecule.    Hence, 

the  formula  should  be  repiesented  as  follows:  HjC-O-CHj. 

The  formula  of  alcohol  would  be  represented  as  foUows:   CH,- 

CHjOH.    In  the  same  way  we  determine  that  the  rational  formula 

O 

II 
of  acetic  acid  is  H3C-C-OH. 

It  is  the  aim  of  chemists  to  determine,  by  such  reactions,  the 
rational  formulae  of  all  organic  bodies.  This  has  been  done  for  most 
organic  substances.  When  we  know  the  structure  of  the  molecule 
of  the  substance,  we  are  able  in  many  cases  to  construct  it  syn- 
thetically. Thus,  if  we  compare  the  following  formulae,  we  see  a 
close  resemblance: 


H    H  H 

C=C  ^C^ 

HC        CH 


/       \ 
HC  CH 


H  ^C^C=0 

Phenol.  \ 

O— H 

SalkyUc  Add. 

If  we  treat  the  first  of  these  substances  with  sodium  hydroxide, 

H    H 
C=C 

we  obtain    HC  CH  .      If  we  treat  this  at  a  high  temperature  with 

\        // 
C  —  CONa 
H 

COj,  this  gas  enters  the  molecule,^CO  going  in  with  NaO  group  to 
give  QHjCOONa.  The  other  O  goes  to  the  neighboring  carbon  atom 
and  gives  OH.    Thus,  salicylic  acid  is  prepared  from  phenol. 

The  constitution  of  compounds  is  usually  indicated  by  graphic  or 
structural  formulae.  The  bonds  or  links  between  atoms  are  indicated 
by  lines  or  dots,  thus:  H-C^C-H  or  H  .  C  ;  C  .  H,  H,C=C=CH„ 
or  HjC  :  C  :  CH,.  It  must  not  be  supposed  that  graphic  formulae  are 
intended  to  indicate  the  shape  of  molecules;  they  only  indicate  the 
relation  of  atoms  or  groups  of  atoms  to  one  another  in  the  molecule. 
The  lines  or  dots  show  to  the  eye  how  the  valencies  are  distributed. 
Full  graphic  formulae  are  not  always  necessary  to  show  the  distribution 
of  the  bonds. 
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HYDROCARBONS. 

The  simplest  organic  compounds  are  the  hydrocarbons,  consisting 
of  carbon  and  hydrogen  only.    Carbon,  being  a  tetrad,  can  combine 

H 

with  four  atoms  of  hydrogen,  thus:  h— i—H.    It  also  shows  a  marked 

k 

tendency  to  unite  with  other  carbon  atoms  to  form  groups  of  carbon 
atoms  more  or  less  characteristic  and  stable. 

One  atom  of  carbon  may  thus  unite  with  another  carbon  atom,  and 
the  two  atoms  thus  united  will  combine  with  six  monad  or  hydrogen 

XT  XJ 

atoms:    H^— C^H.     Three,  four,  five,  or  any  number  (n)  atoms  of 

carbon  may  thus  unite,  theoretically  at  least,  and  give  rise  to  a  chain 
of  atoms  which  has  been  called  an  open  chain.    Or  the  carbon  atoms 

II  I 

may  combine  as  follows:        I  i       ^^       L         "     »    giving  rise 

II  I 

to  closed  chainsi  or  cycles. 

By  a  little  consideration,  it  will  be  seen  that,  in  either  of  the  first 
two  formulae  given  above,  if  we  increase  the  carbon  atoms  in  any  given 
formula,  we  also  increase  the  number  of  bonds,  or  points  of  contact 
for  hydrogen  atoms,  by  two  for  every  carbon  atom  added.    Thus: 

H  H    H 

H— C— H  +  CH,  =    H— i— t— H; 

k  k    k 

H    H  H    H     H 

H— (!:—<!:— H  +  CH,  =    H— C— C—C- 
k    k 


H    H    H 

H— t— c-<!:— H  +  CH,    = 

III 
H    H    H 


H    H    H    H. 
H— 6— t— fc— C— H  -f  CH,    =    H— C— C— C— (i— C— H; 
H 
and  so  on. 


Ill  I     I      I     I     I 

HHH  HHHHH 
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We  thus  have  a  series  of  hydrocarbons  differii^  frcMii  each  other  by 
the  constant  quantity  of  CH,.  Sudi  a  series  is  called  a  homologoiis 
feries. 

In  the  same  chain  of  carbon  atoms  we  may  have  the  following 
arrangement  of  the  bonds  of  attraction: 

H  H      ^  H    H      H    H 

H— i— C  =  C  4-  CH,  =    H— <i— <!:  =  C— i-H; 

k    il      k  ^  k 

HHHH  HHHHH 

H—d— <!:  =  (!:—<!:— H -f  CH,  =  h— <!:—<!:  =  i—i—c!:— a 

A  hydrocarbon  having  fotir  carbon  atoms  in  its  molecule  may  be 
written  thus: 

H  H 

Hi— C=C— CH    =    CA 

k  k 

H  H 

or,  H— C— C=C=C    =    C^H^ 


or,         H— C=C— C=C— H    =    C^H^. 


By  these  varied  groupings  it  is  possible  to  have  a  number  of  homolo- 
gous series,  each  series  differing  from  the  other  by  a  constant  quantity 
of  Hj.  By  removing  one  atom  of  hydrogen  from  the  end  carbon  atom 
of  such  a  chain,  and  replacing  it  with  CH,  (methyl)  we  form  a  homol- 
ogous series,  each  member  differing  from  the  corresponding  member 
of  the  series  above  mentioned  by  the  constant  quantity  of  H,.  A 
series  of  hydrocarbons  differing  by  H,  are  known  as  an  isologous 
series.  In  the  vertical  columns  of  the  following  table  we  have  the 
homologous  series;  in  reading  from  left  to  right  we  have  the 
ifologous  series  of  hydrocarbons. 


c,rf, 

C* 

c^. 

C.H, 

CA 

CA 

C«H„ 

C,H, 

C4H, 

C,H, 

c!h„ 

C.H„ 

C.H,       . 

CA 

C,H„ 

C,H., 

C.H„ 

CA 

C,H„ 
C,H„ 

C,H„ 

C,H„ 

C,H„ 

C.H^ 

C.H»-. 

C.H^ 

*  Unknown. 
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In  the  general  formulae  (n)  may  represent  any  number  of  carbon 
atoms,  and  is  intended  simply  to  express  the  relation  between  the 
number  of  C  and  H  atoms. 

This  table  does  not  by  any  means  represent  all  the  possible  com- 
pounds, but  gives  an  idea  of  how  all  Imown  hydrocarbons  may  be 
classified,  by  extending  the  tabic. 

The  members  of  these  series  having  but  a  few  carbon  atoms  in  their 
molecules  are  termed  the  lower  members,  and  those  having  a  higher 
number  of  carbon  atoms  the  higher  members. 

Isomerism. — Besides  the  method  of  grouping  the  carbon  nuclei 
which  we  have  indicated,  a  variety  of  other  methods  may  be  conceived, 
some  of  which  really  exist.  Thus,  the  group  containing  four  carbon 
atoms  may  be  arranged  as  follows: 

HHHH  HHHH 

H— 6— (!:—(!:—(!:— H,      h— <!:—<!:  =  i— 6— h. 
kk^A  k  k 

H    H    H                     H       H 
H— (i— d— d— H,        H— t i— H 

H— C— H  H— C C— H 

The  first  and  third  of  these  have  the  same  number  of  atoms 
and  the  same  empirical  formula,  C4H10,  but  have  different  physi- 
cal and  chemical  properties.  Compounds  having  the  same  chemical 
composition,  but  possessing  different  properties,  are  termed  isomeric 
bodies.  The  chemical  and  physical  properties  of  organic  compounds 
depend  not  only  upon  the  kind  and  number  of  atoms,  which  is  desig- 
nated the  composition  of  the  molecule,  but  also  upon  the  arrange- 
ment of  the  atoms  in  the  molecule,  or  the  constitution.*  The  second 
and  fourth  of  the  above  formulae  are  quite  different  in  constUtUion^ 
while  they  are  the  same  in  composition.  These  two  compounds  are 
isomeric.  It  is  thus  possible  to  have  several  compounds,  each  an- 
swering to  the  same  formula,  and  giving  the  same  result  on  analysis, 
but  having  totally  different  properties.  We  may  mention  here,  as  ex- 
amples, anunonium  isocyanate,  NH4OCN,  and  urea,  CO  ]  j^g     Also: 


|CA  fCH,  fCH, 

Propylamiii.  Methyl-ethylamin.  Triraethylamin. 


(h 


*  See  definition  of  empirical  and  structural  formulte,  page  80. 
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Bodies  of  the  same  class  having  the  same  compositioi^  but  different 
constitution  and  physical  or  chemical  properties,  are  said  to  be  iso- 
meric bodies.* 

In  those  members  of  the  above  series  of  hydrocarbons  having  four 
or  more  carbon  atoms,  we  may  have  several  isomers.  Thus,  there  are 
two  possible  butanes,  known  as  butane  and  iso-butane,  or  methyl- 
propane. 


H   H    H    H 

H— d^-t— i:— t— H 

BttUiK. 

H    H    H 

H— C— C-fc— H 

^          k 
H— C— H 

H 

Methyl-propane  or 
Ifo-biitane. 

The  number  of  possible  isomers  increases  rapidly  with  the  number 
of  carbon  atoms  in  the  molecule.  There  are  two  isomers  for  C^K^^; 
for  QHjj,  three  isomers;  for  C^Hi^,  five;  for  CjoHjj,  seventy-five;  and 
for  C11H34  it  has  been  computed  that  we  may  have  no. less  than  159 
isomers.  This  fact  explains  why  we  can  have  an  indefinite  number  of 
compounds  classified  in  the  above  table.  This  same  law  of  isomerism 
applies  to  the  other  homologous  series  as  well  as  to  the  first. 

Poljrmeric  bodies  are  compounds  having  the  same  percentage 
composition,  but  different  molecular  weights.  As  the  name  indicates, 
the  one  is  a  multiple  of  the  other.  It  is  usually  applied  only  to 
substances  of  the  same  class  of  compounds.  We  have  a  striking 
example  of  this  property  in  the  second  column  of  the  table  on  page 
296.  Ethene,  C^4,  butene,  C4H8,  and  octene,  CgHi,,  are  polymeric 
bodies.  Starch,  cellulose,  dextrin,  and  glycogen  are  probably  poly- 
meric bodies,  and  familiar  illustrations  of  the  phenomenon  of 
polymerism. 

Nomenclature  of  Organic  Compounds. — The  nomenclature  of 
organic  compounds  is  complicated  and  unsatisfactory.  The  large 
number  of  compounds,  and  their  endless  derivatives  to  be  considered, 
make  it  next  to  impossible  to  devise  a  system  of  naming  them  that 
shall  meet  with  general  approval.  The  result  of  the  rapid  advance  in 
the  discovery  of  organic  compounds  has  been  to  produce  confusion 
in  this  respect. 

Certain  compounds  have  received  different  names  from  different 
observers,  and  it   is  no  unusual    thing  to    meet  with  four  or  five 


*  Metamerism  is  sometimes  used  as  synonymous  with  isomerism. 
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synonymous  names  for  the  same  compound.  We  shall  endeavor  to 
follow  the  best  usage  in  the  naming  of  chemical  compounds. 

Organic  Radicals. — In  organic  chemistry,,  as  in  inorganic, 
although  to  a  greater  extent,  we  are  constantly  dealing  with  certain 
well-defined  groups  of  atoms,  which  retain  their  identity  through  a 
large  series  of  compounds,  and  behave  in  chemical  reactions  like 
simple  radicals  or  atoms. 

It  is  evident  that  by  removing  one  or  more  atoms  of  hydrogen 
from  any  saturated  hydrocarbon,  the  remaining  group  of  atoms  may 
act  as  a  compound  radical.  The  unsaturated  hydrocarbons  of  the 
second  or  thiid  series  may  act  as  radicals  without  the  removal  of  any 
hydrogen  atoms. 

These  hydrocarbon  radicals  are  usually  designated  by  the  termina- 
tion yl.  Thus:  CH,  is  known  as  methyl;  Cjk^  as  ethyl;  QH,,  as 
phenyl.  These  radic^  are  called,  collectively,  hydrocarbon,  alcohol, 
or  alkyl  radicals,  and  the  quality  of  their  combining  power  is 
electropositive. 

The  following  radicals  are  frequently  met  with  in  organic  com- 
pounds, and  ought  to  be  committed  to  memory  by  the  student: 

Hydroxy]  ( — O — H), occurring  in  alcohols  and  phenols. 

Carbonyl  (0-.C=), "  "  ketones. 

Carboxyl  (0=C— OH), "  "  organic  acids. 

Cyanogen  (N=C— ), "  "  cyanides. 

Nitrozyl  (O^N — ), "  "  nitro-compounds. 

::iu  Of  \  I  (O^N"\ "  "  nitrosyl  comppunds. 

Sulphonyl  (O^SOH)" "  "  sulphonic  acids. 

Atnidogeii  (jU—-  S—Y, "  "  amids  and  amins. 

Melhyl  (H^C— j',  "  "  wood-alcohol. 

Eihyl  (Hj^C— C^HJi, "  "  alcohol. 

Glyccnl  (C^H j"*,  , , "  "  glycerol. 

Amy[(C,H„A "  "  fusel  oil. 

Phenyl  (Cji^)' «  "  carboUc  acid. 

Acetvl  <H^^C^C^O), "  "  acetic  acid. 

E^nj^yi  (C^H^O)*. "  "  benzoic  acid. 

CLASSIFICATION    OF  ORGANIC  COMPOUNDS. 

All  organic  bodies  can  be  classified  in  one  or  other  of  the  following 
groups:  HydrocarbonSi  alcohols,  ethers,  aldehydes,  acids, 
acetals,  ketones,  halogen  compounds,  ethereal  salts,  amins, 
amids,  nitrils,  cyanogen  compounds,  quinons,  organo-me- 
tallic  compounds,  carbohydrates,  proteins,  alkaloids,  glucosides, 
and  phenols. 

It  is  customary  to  arrange  the  large  number  of  organic  compounds 
in  two  main  divisions.  These  divisions  are  known  as  the  fatty  or 
aliphatic  compounds,  and  the  aromatic  compounds.    The  first 
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claM  owes  its  name  to  the  fact  diat  the  animal  and  regeCable  fats  bdoi^ 
to  it,  and  the  second  inchides  many  compounds  chaiactcrizcd  by  an 
agreeable  aromatic  odor.  The  fatty  con^KXinds  can  aU  be  legairded 
as  closely  related  to  methane,  CH^  and  the  aromatic  as  rdated  to  or 
derived  from  benzene,  C^.  The  carbon  atoms  in  the  first  dass  are 
arranged  in  an  open  chain  and  in  the  second  class  in  a  dosed  chain. 

The  first  and  amplest  class  of  organic  compounds  we  shaU  meet 
are  the  hydrocarbons. 

NomenclAtore. — ^The  following  are  the  names  proposed  for  these 
hydrocarbons: 


ntSitUi, 

idStrUt. 

jdSerus. 

fth  Strut. 

SthSerut. 

PARAFHNS. 

OLEHNS. 

ACETYLENES. 

Mfthinr. 

Mdheae  (ndkaoini) 

Carbon. 

CJB.-« 

CJI^-^ 

CH,. 

CHr 

C. 

Ethtoe, 

&1X&. 

EtUne  (Acetyfene). 

fto^&ne). 

•^ 

<>itftiine,or 

Bnuae, 

Bntene, 

Butine. 

Butooe, 

Butane, 

C,H^ 

CA. 

CA. 

C4H,. 

C,H^ 

PenUBc, 

Pditm, 

pontine. 

Pentone, 

Pentone, 

C|H„. 

C^,^ 

CA- 

CA- 

CA 

Huue, 

H^Moe, 

Heziiie, 

l^rsaut^ 

Hezone. 

C^u- 

C«H„. 

C^^ 

CA- 

CA 

Here,  as  above  stated,  there  is  not  perfect  uniformity  in  nomencla- 
ture, and  where  they  conflict  we  shall  follow  the  best  usage,  in  prefer- 
ence to  strict  conformity  to  the  above. 

DBRIVED  COMPOUNDS. 

AU  organic  compounds  are  regarded  as  derivatives  of  the  hydro- 
carbons, whether  they  can  be  prepared  from  them  or  not  Many 
compounds  can  be  made  from  them,  either  directly  or  indirectly,  while 
many  other  known  related  compounds  can  not  be  so  made.  There 
are  two  methods  of  forming  derivative  compounds,  viz.,  addition  and 
substitution. 

Addition  products  are  formed  by  the  direct  combination  of  an 
unsaturated  molecule  with  one  or  more  radicals.  One  molecule  of 
the  hydrocarbon  always  unites  with  two  or  four  monivalent  atoms 
or  radicals,  or  with  their  equivalent  in  polyvalent  radicals.  It  is 
especially  the  atoms  of  the  chlorine  group,  or  their  hydradds,  which 
are  most  easily  added;  but  hydrogen  and  hydroxyl,  as  well  as  hydro- 
carbon radicals,  may  also  be  added. 

Substitution  products  are  formed  by  an  exchange  of  one  or  more 
atoms  for  another  atom  or  radical.    Indeed,  we  may  regard  all  the 
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complex  organic  bodies  as  made  up  in  this  way.  Thus,  ethane,  C^He, 
may  be  regwled  as  a  molecule  of  methane,  CH^,  in  which  one  hydrc^n 
atom  has  been  di^Iaced  by  the  radical  CH^,  thus: 

C  — H  +  CH,  -  C  — ^H  +  H 

Synthesis  of  Organic  Compounds.— The  principal  interest  of 
chemists  in  recent  years,  in  the  department  of  organic  chemistry,  is 
centered  upon  the  synthesis  of  organic  compounds.  By  these  syn> 
thetical  methods  the  chemist  imitates,  to  a  limited  extent,  the  process 
of  animal  and  v^etable  organisms.  The  natural  tendency  of  all  or- 
ganic compounds  is  to  break  up  complex  molecules  and  form  simpler 
ones,  while  it  is  the  aim  of  synthetical  methods  to  reverse  this  process 
and  build  up  complex  molecules  from  simpler  radicab,  adding  litde 
by  little  until  the  structure  is  complete. 

It  is  principally  from  synthetiod  reactions  that  we  can  arrive  at  a 
knowledge  of  the  structure  of  complex  organic  bodies.  With  these 
^thetiod  methods  chemists  have  succeeded  in  the  artificial  produc- 
tion of  alizarin  (the  coloring  matter  of  madder),  indigo,  salicylic  acid, 
several  of  the  sugars,  and  £e  great  variety  of  anilin  colors,  which  are 
among  the  greatest  achievements  of  modem  science. 

THB  ALIPHATIC  HYDROCARBONS* 

The  Paraffins.— The  parafl&ns  (from  parum,  too  little,  and  affinis, 
afl&nity)  are  chemically  indifferent  bodies,  because  they  are  fully  satu- 
rated compounds.  They  are  stable  and  not  easily  attacked  by  re- 
agents. They  are  not  acted  upon  by  alkalies  or  adds.  Many  of 
these  hydrocarbons  are  found  in  petroleum  and  the  gases  accompany- 
ing it,  and  some  are  found  in  the  products  of  the  dry  distillation  of 
coal  and  other  organic  substances.  They  may  also  be  prepared  by 
one  of  the  following  reactions: 

I.  By  treating  an  alkyl  iodide  with  zinc  in  a  closed  tube  at  i6o«  C.  (320®  F.) 
in  presence  of  water. 


C^J  +  HOH  +  Zn  -  Cj»He  +  Zn|  J^ 


OH 


3.  By  heating  certain  salts  of  the  acids  containing  one  or  more  carbon  atoms 
with  an  alkalL    Thus,  by  heating  calcium  acetate  with  sodium  hydroxide : 

(CftOa),Ca  +  2NaOH  -  aCH^  +  Na,CO,  +  CaCO,. 

3.  By  electrolysis  of  the  adds  of  the  acetic  acid  series. 
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The  lower  paraffins  are  gaseous  and  are  insoluble  in  water.  Those 
below  butane  are  gases  at  ordinary  temperatures,  those  between  C4H,, 
and  Ci«H,4  are  liquids,  and  the  higher  members  are  solids.  Alcohol 
dissolves  the  gases  sparingly,  the  liquids  readily,  and  the  solids  with 
difficulty.  The  boiling  point,  the  melting  point,  and  the  specific 
gravity  increase  with  the  increase  of  carbon  atoms. 

Methane,  or  Marsh-gas.— CH4.  This  gas  is  a  constant  product 
of  the  spontaneous  decomposition  of  vegetable  matter  under  water, 
and  may  frequendy  be  seen  rising  to  the  surface  of  stagnant  pools. 
It  is  produced  by  the  dry  distillation  of  coal,  and  is  therefore  a  con- 
stituent of  ordinary  illuminating  gas.  It  is  the  chief  constituent  of 
miners'  ''fire-damp."  It  occurs  in  the  gases  of  the  intestines  to  the 
extent  of  from  twenty-five  to  fifty  per  cent. 

Natural  gas  is  composed  of  from  ninety  to  ninety-five  per  cent, 
of  marsh-gas,  with  small  quantities  of  nitrc^en  and  carbon  dioxide. 

Preparation. — Methane  may  be  prepared  by  heating  a  mixture 
of  4  parts  of  sodium  acetate,  4  parts  of  sodium  hydroxide,  and  6 
parts  of  lime.  It  may  be  prepared  synthetically  by  tiie  following  re- 
actions: The  electric  arc  in  an  atmosphere  of  hydrogen  produces  a 
small  quantity  of  ethine.  Ethine  may  also  be  produced  by  the  re- 
action between  calcium  carbide  and  water.     (See  Calcium  Carbide.) 

C,Ca  -I-  H,0  -  C^  +  CaO. 

Ethine,  when  mixed  with  hydrogen  and  passed  through  a  tube 
containing  spongy  platinum,  forms  ethane,  Cfi^. 

Ethane  passed  through  a  heated  tube  gives  the  following  re- 
action: 

aCj»He  -  2CH,  +  C,+  2H^ 

When  a  series  of  electric  sparks  are  passed  through  a  mixture  of 
hydrogen  and  carbon  monoxide,  CH4  is  prepared. 

CO  +  3H,  -  ch;  -h  H,0. 

By  these  reactions  the  elements  are  made  to  yield  CH4  and  C,H,, 
which  can  serve  as  the  starting  point  in  the  synthesis  of  other  organic 
compounds,  and  thus  bridge  over  the  gap  between  inorganic  and 
organic  compounds. 

Properties. — Methane  is  a  light,  colorless,  transparent,  odorless, 
tasteless,  combustible  gas.  Density  =  8.  Sp.  gr.  =  0.559.  Under 
T40  atmospheres  of  pressure  at  o®  C.  (32®  F.),  it  condenses  to  a  trans- 
parent liquid.  It  bums  in  the  air  with  a  bluish  flame,  giving  no  light, 
but  a  high  temperature.    Mixed  with  air  or  oxygen,  it  forms  an  ex- 
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plodve  mixture  ("fire-damp").  By  passing  the  gas  through  a  red- 
hot  tube  it  is  converted  into  carboa  and  hydrogen,  with  traces  ot 
C2H3,  C,H„  CjHe,  and  QoHg.  Mixed  with  CI  and  diluted  with  CO,,  it 
forms  chlorine  substitution  compounds,  CH,C1,  CH3CI3,  CHCl^, 
and  CCI4. 

It  is  irrespirable,  but  not  poisonous.  Poisoning  by  house-gas  con- 
taining CH4  is  produced  by  the  other  gases  which  it  contains. 

Ethane,  or  dimethyl,  CH, — CH„  occurs  in  crude  petroleum, 
and  is  a  constituent  of  some  of  the  natural  gas  wells  of  western  Penn- 
sylvania. These  gas  wells  discharge  large  volumes  of  gas,  containing 
H,  CH^,  and  CjHq,  which  is  used  for  heating  and  lighting  in  the  neigh- 
boring districts.  When  crude  petroleum  is  heated,  the  hydrocarbons 
ethane,  propane,  and  butane  are  evolved  as  gases.  These  are  collected 
and  subjected  to  condensation,  yielding  a  liquid  consisting  chiefly  of 
butane,  C4H10,  known  as  cymogene,  which  is  used  in  ice  machines. 

Properties. — Ethane  is  a  gas  at  ordinary  temperatures,  but  is  con- 
densed to  a  liquid  at  a  pressure  of  forty-six  atmospheres  at  4^  C.  It 
bums  with  a  faintly  luminous  flame.  It  is  slightly  soluble  in  water 
and  alcohol. 

Propane,  C,Hg,  is  present  in  crude  petroleum,  and  is  a  liauid  below  — 30®  C. 
( — 22**  F.).  It  may  be  prepared  artificially  by  the  action  of  hydriodic  acid,  HI, 
upon  glycerol  at  275®  C.  (527®  F.). 

Butane,  C.Hm,  boils  at  1°  C.  (33.8^^  F.).  Its  sp.  gr.  is  0.6,  being  the  lightest 
liquid  hydrocarbon  known.     It  is  found  in  crude  petroleum. 

There  are  two  isomeric  butanes,  having  the  following  structural  or  graphic  for- 
mulae: 


H    H   H   H 

H    H    H 

^_6_6_6_H 

and 

H— t— C— t— H 

i    i    A    li 

A           li 

Butane. 

H-C-H 
Ifo-butane. 

Iso-butanc  boils  at  — 1 7®  C.  ( i .4®  F.). 

The  normal  paraffins  are  regularly  formed  compounds,  in  which  no  C  atom 
is  linked  to  more  than  two  other  C  atoms. 

In  the  lioparaffins  one  carbon  atom  is  linked  to  three  others,  as  in  iso-butane 
above. 

In  the  neopaiaffint  two  carbon  atoms  are  each  linked  to  three  others. 

H      H 


H 


,C  —  C  —  C  —  CH, 
dn,     CH, 


That  is,  in  the  iso-compounds  we  have  one  side-chain;  in  the  neo-compounds  wq 
have  two  side-chains. 
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in  tbe  mfnopanifflm  one  carboa  atom  is  linked  to  four  otheo. 

CH, 
BJC  —  6  —  CH^ 

(in, 

(ilH, 

The  higher  members  of  this  series  are  found  in  Pennsylvania  petioleum,  and 
may  be  isolated  to  a  great  extent  by  careful  fractional  distillation. 

PETROLEUM. 

Petroleum  is  a  natural,  oily,  dark-brown  liquid  issuing  from  the 
earth,  or  pumped  from  weUs  in  various  parts  of  the  globe.  It  is  com- 
posed of,  and  is  the  chief  natural  source  of,  hydrocarbons.  Several 
theories  have  been  formed  to  account  for  its  occurrence.  Berthelot 
believed  it  to  be  the  result  of  the  action  of  carbon  dioxide  on  steam 
and  the  alkali  metals.  Mendelejeff  thinks  it  is  produced  by  the  action 
of  metallic  carbides  on  water.  Neither  of  these  theories  seems  quite  ten- 
able, in  view  of  the  great  variability  in  the  composition  of  the  petroleum 
of  different  localities.  The  theory  that  is  more  probable,  and  the  one 
that  has  received  the  most  support,  is,  that  it  is  derived  from  the  sub- 
terraneous decomposition  of  v^etable  and  animal  matter.  The  chief 
localities  where  it  is  obtained  are  Pennsylvania,  western  New  York, 
Ohio,  West  Virginia,  California,  Colorado,  Texas, and  Canada;  Baku,  on 
the  shores  of  the  Caspian  Sea;  Hanover,  Alsace,  and  Galida.  Bur- 
:nah,  India,  and  Japan  also  have  produced  some  petroleum. 

The  distillation  of  petroleum  is  carried  on  on  a  large  scale  in  cer- 
tain parts  of  this  country,  and  a  variety  of  products  are  found  in  the 
market,  the  names  of  which  have  no  reference  to  the  chemical  com- 
position. The  following  are  a  few  of  the  most  important  of  these 
products,  with  their  boiling  points  and  uses: 

Naicb.  Boiling  Poimt.  Principal  Use  in  Asts. 

Cymogene, o°C.  (  32®  F.)        Used  in  ice  machines. 

Rhigolene, 18.3**  C.  (  65**  F.)        Used  to  produce  cold  by  evapo- 
ration, and  as  an  anesthetic. 
Petroleum  Ether, 40**  to  7o<*  C.(i04®  \  /  As  a  solvent  and  for  making  "  air- 
to  i58<»F.)n     gas." 
Gasolene, 46**    C.  (i  15°  F.)        For  making  * '  air-gas,"  and  in  gaso- 
lene engines. 

C-Naphtha, 82.2**  C.  (180®  F.)  )   f  As  a  solvent  for  fats  and  rubber, 

B-Naphtha, 104.4°  C.  (220°  F.)  >  <     hence,  for  cleaning  clothes. 

A-Naphtha i48.8<»  C.  (3oo<»  F.)  J   I  So-called '  *  safety-oH." 

Benzine  (deodorized), . .  120®  to  150**  C. 

(248°  to  302®  F.)         For  varnishes  and  paints. 
Kerosene,     or    Refined 
Petroleum 176®    C.  (349°  F.)        For  ordinary  lamps. 
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Naicb.  Boamo  Poorr.  Punopal  Use  m  Am. 

Mineral  Sperm  O0,..ai8<>    C.  (424°  F.) 

Lubricating  Oils,  ....301^    C.  (574^?.)  Lubricating machineiy. 

Parafl^ Solid.     Meltsat  45**C. 

to65<»C.(ii3<>F.to 

149®  F.)  For  Candles. 

The  vapors  of  all  the  lighter  products,  when  combined  with  air, 
form  explosive  mixtures,  and  hence  laws  exist  in  most  countries  pre- 
scribing the  lowest  temperature  at  which  kerosene  shall  give  off  an 
inflammable  vapor,  or  at  which  it  shall  "flash."  The  law  of  the 
State  of  New  York  declares  that  oils  used  for  illuminating  purposes 
shall  not  give  a  vapor  that  will  "flash"  below  loo^  F.,  and  shall  not 
themsdves  ignite  below  a  temperature  of  300®  F.  Conunerdal  oils 
are  mostly  brought  to  a  fire-test  of  dther  iio*^  F.,  120®  F.,  or  150®  F. 

Kero8en6|  coal-oil,  or  illuminating  oil  is  prepared  from  that 
portion  of  petroleum  distilling  over  between  150®  C.  and  220®  C.  (302® 
F.  to  425®  F.).  The  distillate  is  "refined"  by  treatment  in  a  large 
tank  with  a  two  per  cent,  solution  of  sulphuric  acid,  to  remove  the 
unsaturated  hydrocarbons,  which,  if  left  in,  would  gradually  oxidize 
and  turn  dark.  The  remaining  liquid  is  dien  treated  with  a  weak 
solution  of  NaOH  to  remove  the  H^SO^,  and  then  redistilled. 

Petroleom  benzin,  benzinnm  (U.  S.  P.),  is  a  distillate  from  Amer- 
ican petroleum  consisting  of  a  mixture  of  hydrocarbons,  chiefly  of  the 
marsh-gas  series,  QH^,  QH^^,  and  homologues.  It  is  a  colorless, 
tran^)arent,  mobile  liquid,  of  aromatic  odor. 

It  has  a  sp.  gr.  of  0.638  to  0.660,  and  boils  at  from  45^  C.  to  60^ 
C-  (113**  F.  to  140®  F.).  It  is  used  principally  as  a  solvent  for  fats, 
lesins,  alkaloids,  and  rubber.  Owing  to  its  solvent  power  for  fats,  it 
is  used  as  a  household  article  for  cleaning  fabrics. 

Benzinum  purificattun  (U.  S.  P.)  is  prepared  by  treating  the 
above  distillate  with  sulphuric  add  and  potassium  permanganate,  and 
after  twenty-four  hours  contact  washing  it  with  an  alkaline  solution  of 
K^Mn^Og. 

Petrolatum  liquidum  (U.  S.  P.)  is  a  colorless  or  yellowish, 
tran;^>arent,  odorless,  tasteless,  oily  liquid,  giving  off  when  heated  a 
&int  odor  of  petroleiun.  It  consists  chiefly  of  hydrocarbons  of  the 
marsh-gas  series,  and  is  obtained  from  petroleiun  by  distilling  off  the 
more  volatile  portions  and  purifying  that  portion  of  the  distillate 
having  the  proper  consistence.  Specific  gravity,  about  0.870  to  0.940 
at  25®  C.  (77®  F.).  It  is  insoluble  in  water,  but  soluble  in  hot  abso- 
lute alcohol,  in  ether,  chloroform,  benzine,  carbon  disulphide,  tur- 
pentine, and  the  fixed  and  volatile  oils. 

Albolene,  benzoinol,  and  liquid  vaseline  are  trade  names  for 
similar  liquids. 
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Vaseline.— Petrolatum  (U.  S.  P.)  and  white  vaselene,  petro- 
latum album  (U.  S.  P.),  are  described  as  mixtures  of  hydrocarbons, 
chiefly  of  the  marsh-gas  series,  obtained  by  distilling  off  the  lighter 
and  more  volatile  portions  from  petroleum,  and  purifying  the  re^ue, 
when  it  has  the  desired  melting  point.  The  first  has  a  melting  point 
of  40^  C.  to  45^  C.  (104''  F.  to  113*^  F.),  and  the  second  of  45*^  C.  to 
51®  C.  (113®  F.  to  125®  F.).  They  are  fat-like  masses  having  a  white 
to  deep  yellow  color,  and  more  or  less  fluorescent. 

Paraffin,  Paraffinum  (U.  S.  P.),  Paraffinum  Durum  (Br.).— This 
is  a  white,  wax-like  solid,  prepared  by  distillation  from  bituminous 
shales,  or  from  the  residue  of  the  distillation  of  petroleum  or  bitumen. 
It  is  also  prepared  fpom  ozokerite.  Its  hardness  and  melting  point 
vary  with  its  source.  Its  melting  point  varies  from  51.6®  C.  to  57.2*^  C. 
(125®  F.  to  135®  F.).  It  is  a  mixture  of  saturated  hydrocarbons,  and 
is  soluble  in  ether,  benzene,  and  all  the  lighter  hydrocarbon  oils,  the 
ethereal  and  fatty  oils,  carbon  disulphide,  and  but  slightly  soluble  in 
alcohol.  When  melted  with  wax,  q)ennaceti,  or  stearin,  it  mixes  with 
them  in  all  proportions.  It  is  used  chiefly  for  making  candles,  for 
finishing  calicoes,  for  making  translucent  waterproof  paper,  and  chew- 
ing gum.  It  is  employed  in  pharmacy  as  a  coating  for  pills,  glycer- 
ine suppositories,  etc. 

The  Russian  oib  consist  largely  of  naphthalene  series  of  hydrocar- 
bons, instead  of  the  methane  series;  that  is,  of  hydrocarbons  isomeric 
with  the  olefins.  The  Canadian  and  Texas  oils  are  much  heavier  than 
the  Pennsylvania  oils. 

Ozokerite,  or  mineral  wax,  is  a  wax-like  solid,  consisting  of 
paraffin  mixed  with  lighter  oils.  It  is  used  for  the  manufacture  of 
lubricating  oils  and  paraffin.  It  is  often  used  to  prepare  ceiesin^ 
a  substance  resembling  wax,  and  used  as  a  substitute  for  it. 

The  OlefinSi  or  C.1^  Series. — ^The  olefins  differ  from  the 
paraffins  in  being  unsaturated  compounds.  The  first  member  of  the 
series,  ethene  or  ethylene,  C2H4,  combines  directly  with  chlorine, 
forming  a  thick,  oily  fluid,  from  which  the  discoverers  named  it  ole- 
fiant  gas.  The  iodide  and  bromide  may  also  be  formed  by  direct 
\mion.  The  olefins  combine  with  the  hydradds,  HCl,  HBr,  HI, 
and  also  with  fuming  H^SO^,  and  with  HNO,. 

C^4  +  HCl  -  C^eCl. 

Most  olefins  are  soluble  in  alcohol  and  ether,  but  most  of  them 
are  insoluble  in  water.  They  are  soluble  in  strong  H^04.  Small 
quantities  of  ^e  olefins  are  found  in  petroleum.  Ethene  is  found 
in  illuminating  gas,  the  illuminating  power  of  which  dq)ends  largely 
upon  its  presence.  It  is  a  colorless  gas  of  a  peculiar,  pungent  odor, 
and  may  be  separated  from  the  other  constituents  by  its  solubility  in 
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H3SO4,  with  which  it  combines.  It  bums  in  the  air  with  a  bright, 
luminous  flame.  Its  sp.  gr.  is  0.9785;  density,  14.  The  higher  mem- 
bers of  this  group  are  unimportant.  The  following  are  the  chief 
members  of  the  series. 

Ethene,  CJI^  gas  Heptene,  QHm)  boils  at  100®  C. 

Propene,  Cfi^  gas.  Octenc,  CSly^  boils  at  125**  C. 

Butene,  C4H,,  gas.  Nonene,  Cfin,  boils  at  is^^  C. 

Pentene,  C«Hm,  boils  at  35^  C.  Decene,  C,»H,o,  boils  at  200<*  C. 
Hcxene,  CJH^,  boils  at  yo**  C. 

Saturated  Hydrocarbons  Isomeric  with  the  Olefins.— Besides 
the  class  of  unsaturated  hydrocarbons  of  the  general  formula  C.H,.y 
a  series  of  saturated  hydrocarbons,  isomeric  with  them,  have  been 
isolated  from  Russian  petroleum.  The  carbon  atoms  in  these  com- 
pounds are  believed  to  be  arranged  in  the  form  of  a  closed  chain, 
and  the  prefix  cyclo-  is  used  to  denote  this  fact  Tbose  which  have 
been  isolated  are  the  following: 

CH, 

C3rck>-propaiie  /   \ 


Cydo-butane 


CH,— CH, 
CH,— CH, 
CH,— CH, 
CH, 
Cydo-pentane  H,C     CH, 


H,C— CH, 


Third  Series.— Ethine,  or  acetylene,  HC=CH,  or  CA  — 
This  series  of  hydrocarbons  falls  short  of  saturation  by  four  monad 
atoms,  and  can,  therefore,  act  as  bivalent  and  tetrivalent  radicals. 
The  first  member  of  the  series,  ethine,  or  acetylene,  C,^,  is  the 
only  hydrocarbon  which  can  be  formed  by  the  direct  union  of  its  ele- 
ments. It  is  produced  when  carbon  is  strongly  heated  in  an  atmos- 
phere of  hydrogen;  that  is,  by  passing  a  powerful  electrical  current 
between  carbon  poles  in  a  globe  filled  witii  hydrogen.  It  may  be 
prepared  in  quantity  by  the  reaction  between  calcium  carbide  and 
water. 

CaC,  +  H,0  -  CaO  +  C^ 

It  has  been  proposed  to  prepare  the  gas  by  this  method  as  a  sub- 
stitute for  ordinary  illuminating  gas.  The  cost  of  production  has 
thus  far  prevented  its  general  adoption.  One  gram  of  CaC,  is  suffi- 
cient to  yield  200  c.c.  of  the  gas.    Ethine,  or  acetylene,  combines 
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directly  with  either  two  or  four  atoms  of  chlorine,  bromine,  or  iodine. 
Nascent  hydrogen  converts  it  into  ethene,  and  oxidizing  agents  (po- 
tassium permanganate,  etc.)  into  oxalic  add. 
5CA  +  4K^n,Oa  +  i2H^04  -  4K^04  +  8MnSO^  +  5H,C,0,  +  i2H,0. 

It  is  found  in  coal-gas,  and  possesses  a  high  illuminating  power. 
This  hydrocarbon  is  remarkable  for  the  fact  that  its  hydrogen  is  easily 
displaced  by  metals;  thus,  by  heating  sodium  with  QH,  we  obtain 
C^HNa  (monosodium  acetylid)  and  C^Na,  (disodium  acetylid). 
When  the  gas  is  passed  through  a  solution  of  silver  nitrate  it  precipi- 
tates white  silver  acetylid|  CjAgj.H^O,  an  explosive  compound. 
It  forms  cuprous  acetylid  when  passed  through  an  ammoniacal  solu* 
tion  of  cuprous  chloride. 

Allylene,  CH*^ — CH„  is  a  g^  similar  to  acetylene  in  properties. 
Allene,  CH2">C*»CH^  isomeric  with  the  above,  is  also  a  gas,  but  it  differs 
from  it  by  not  giving  metallic  compounds  with  copper  and  silver. 

HALOID  SUBSTirUTIOir  PRODUCTS  DERIVED  FROM  METHAHE. 

These  substitution  products  are  formed  by  the  action  of  CI,  Br, 
or  I  upon  methane.  These  compounds  may  be  considered  as 
chlorides,  bromides,  or  iodides  of  the  alcohol  or  alkyl  radicals. 
When  chlorine  acts  upon  methane,  the  hydrogen  is  gradually  dis- 
placed by  chlorine,  forming  methyl-chloride^  CH,C1,  or  monochlor- 
methane;  dichlormethanei  CHjCl,;  trichlormethanei  CHCl,; 
tetrachlormethaney  CCl^.  When  it  acts  upon  the  unsaturated 
hydrocarbons  compounds  are  formed  by  the  direct  addition  of  two, 
four,  or  six  atoms  of  chlorine,  depending  upon  the  number  of  unsat- 
urated bonds. 

Methyl-chloride,  monochlormethane,  CH,C1,  is  prepared  on  a  laige  scale, 
for  use  in  freezing  machines,  by  heating  the  hydrochloride  of  trimethylamin  to 
26o<>  C.  (5000  F.). 

3N(Ciy  JICl  -  aCHjCl  +  2N(CH^,  +  NH,CIL  +  HCL 
TriroethyJamin         Methvl-         Trimetliyl-       Methylainin. 
Hydrochloride.        chlorioe.  amin. 

Trimethylamin  is  produced  by  distilling  the  refuse  from  the  manufacture 
of  beet-sugar.  This  is  neutralized  with  hydrochloric  acid  and  then  heated  as 
above. 

It  may  also  be  obtained  by  passing  gaseous  HCl  into  methyl-alcohol,  or  by 
treating  methyl-alcohol  with  a  mixture  of  H,SO^  and  NaCL  The  liquified  gas 
has  been  used  externally  for  the  relief  of  neuralgia. 

Methyl-chloride  is  a  colorless  gas,  slightly  soluble  in  water,  and  having  a 
sweetish  taste  and  odor.  It  is  a  liquid  below  — 22®  C.  ( — 7.6**  F.).  It  bums  with 
a  greenish  flame. 

Methyl-bromide  and  methyl-iodide  are  prepared  by  the  action  of  phosphorus 
and  bromine  or  iodine  upon  methyl-alcohol.  They  are  both  liquids  at  orainary 
temp)eratures. 

The  object  of  the  phosphorus  in  this  process  is  to  produce  HBr  and  HI,  which 
then  act  upon  the  alcohol: 
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1.  P.  +  loBr,  +  i6H,0  -  4H,PO^  +  aoHBr 
a.  CHjOH  +  HBr  -  CH,Br  +  H,0. 

Dichlormethane,  methylene  chloride,  CH,Cly  is  obtained,  alon^  with 
the  other  chlorine  sutetitution  products,  by  the  action  of  Ci  upon  CH^,  or  it  may- 
be obtained  by  the  reduction  of  chloroform  with  nascent  hydrogen.  It  is  a  color>- 
less,  oily  liquid,  boiling  at  40**  C.  (104^  F.),  with  an  odor  similar  to  that  of  chloro- 
form. It  is  slightly  soluble  in  water,  is  non-inflammable,  and  has  been  employedl 
as  an  anesthetic.    It  is  not  safer  as  an  anesthetic  than  chloroform. 

Trichlonnethanei  Chloroforaiy  Chlorofonniim  (U.  S.  P.,  Br.).— 
CHClj.  When  methyl-chloride  is  acted  upon  by  chlorine  it  produces 
a  series  of  successive  substitution  products,  one  of  which,  ^chlor- 
methanei  is  known  under  the  name  of  chlorofonn.  It  was  discovered 
in  183 1  by  Soubeiran  and  Liebig.  It  may  be  prepared  from  common 
alcohol,  as  follows:  In  24  parts  of  water  dissolve  6  parts  of  chloride 
of  lime,  strain  into  a  retort,  heat  to  40®  C.  (104°  F.)  and  add  i 
part  of  strong  alcohol.  A  reaction  soon  sets  in,  developing  sufficient 
heat  to  distil  over  the  CHCl,.  This  distillate  is  purified  by  shaking 
it  with  water,  and  then  pure  HjSO^  (free  from  HNOj),  which  chars 
any  hydrocarbons  or  empyreumatic  substances.  It  is  &en  freed  from 
add  by  agitation  with  lime,  and  from  water  with  dry  calcium  chloride 
and  then  redistilled.  Chloroform  is  now  generally  made  on  a  large 
scale  by  the  distillation  of  acetone  with  chloride  of  lime.      It  is 

Erobable  that  trichloracetone  is  first  formed,  and  this  is  decomposed 
y  the  caldum  hydroxide  present 

I.  aCH,  •  CO  •  CH,  +  ^Cl,  -  3HCI  +  CH,  •  CO  •  CCI3. 
a.  2CH,-CO  -CCl,  +  Ca(OH),  -  2CHCI,  +  Ca(C^,O0^ 

CUorafonn.     Calaum  Acetate. 

The  distillate  is  then  purified  as  above. 

Chloroform  is  a  colorless,  mobile  liquid,  possessing  a  peculiar, 
sweetish,  ethereal  odor  and  taste.  It  boils  at  60.8®  C.  (141. 8®  F.). 
Sp.  gr.  not  below  1.476  at  25®  C.  (77®  F.).  It  is  not  miscible  with 
water,  is  uninflammable  in  the  air,  and  dissolves  fats,  resins,  caout- 
chouc, sulphur,  phosphorus,  and  iodine — the  last  with  a  violet-colored 
solution.  Chloroform  has  dedded  antifermentative  properties,  and 
checks  the  growth  of  bacteria.  Commerdal  chloroform  is  apt  to  be 
contaminated  with  alcohol,  aldehyde,  and  lower  substitution  products, 
and  thus  readily  becomes  useless  on  keeping.  Purified  chloroform  is 
prepared  from  the  above  by  mixing  it  with  sulphuric  acid,  agitating, 
drawing  ofiF  the  chloroform,  neutralizing  with  a  ^lution  of  sodium 
carbonate,  again  drawing  ofif,  adding  lime,  and  finally  distilling  the 
chloroform  on  a  water-bath.  It  should  contain  99  to  99.4  per  cent, 
of  CHCI3,  by  weight,  and  0.6  to  i  per  cent,  of  alcohol.  Chloral- 
chloroform  is  the  name  sometimes  applied  to  chloroform  prepared  from 
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chloral  by  distilling  with  an  alkali.  It  is  so  prq>ared  because  of  its 
freedom  from  the  impurities  to  which  ordinary  chloroform  is  subject. 
The  best  article  for  anesthetic  purposes  is  prepared  in  this  way. 

Impurities. — Chloroform  is  likely  to  contain  as  impurities  chlorine, 
aldehyde,  and  hydrochloric  add.  Pure  chloroform  should  leave  no 
residue  when  a  few  drops  are  evaporated  on  a  watch-glass.  When 
shaken  with  an  equal  volume  of  water,  the  latter,  when  separated, 
should  not  affect  litmus  paper,  nor  give  a  precipitate  with  Hg,(NOa), 
or  AgNOj,  nor  liberate  iodine  from  a  solution  of  KI  (absence  of  free 
chlorine).  A  portion  of  it  digested  with  a  solution  of  KOH  should 
not  become  dark  (absence  of  aldehyde).  If  a  dark  color  appears  when 
lo  c.c.  of  chloroform  are  mixed  with  5  c.c.  of  H^SO^,  and  allowed 
to  remain  in  contact  for  twenty-four  hours,  it  shows  the  presence  of 
foreign  substances  of  a  dangerous  character.  If  a  few  drops  of 
chloroform  be  evaporated  from  a  blotting  paper  on  the  palm  of  the 
hand,  no  foreign  odor  should  be  detected. 

Physiological  Action. — When  applied  to  the  skin,  chloroform 
acts  as  an  irritant,  and,  if  evaporation  be  retarded,  as  a  vesicant.  The 
vapor,  when  inhaled,  produces  anesthesia.  When  used  for  this  pur- 
pose, it  should  be  quite  pure,  and  some  air  should  be  admitted  with 
the  vapor  when  administered.  The  fatal  accidents  that  have  occurred 
in  its  use  as  an  anesthetic  are  due  to  a  paralysis  of  the  heart,  and,  in 
some  cases  at  least,  may  be  attributed  to  the  exclusion  of  air  from 
the  lungs.  It  is  safer  with  children  and  with  women  in  parturition 
than,  with  ordinary  adults.  It  is  eliminated  slowly,  and  when  injected 
hypodermatically  the  effect  is  slow  in  making  its  appearance  and 
lasts  for  several  hours.  It  should  be  administered  with  caution  to 
persons  who  are  the  subjects  of  organic  heart  or  renal  diseases. 

Detection  of  Chloroform. — ^A  very  delicate  test  for  chloroform,  even  in 
the  presence  of  alcohol,  is  to  add  some  solution  of  NaOH  in  alcohol  and  a  little 
anilin  to  the  suspected  liquid.  Either  immediately  or  on  gently  warming  the  mix- 
ture, a  strong  odor  of  phenylisocyanide  is  produced. 

CHCl,  +  3NaOH  +  QH,NH,  -  QH.  —  CN  +  aNaCl  +  sKfi. 

Second  test. — When  heated  with  Fehling's  solution,  chloroform  very  promptly 
precipitates  cuprous  oxide.     Alcohol  does  not  interfere  with  the  test 

Third  test. — When  heated  with  a  solution  of  KOH  in  alcohol,  chloroform  is 
decomposed  with  formation  of  KCl  and  potassium  formate. 

CHCl,  +  4KOH  -  3KCI  -f  KOCHO  +  2H,0. 

Fourth  test. — When  chloroform  is  added  to  a  solution  of  beta-naphthol  in 
strong  KOH  solution,  and  the  liquid  heated  to  about  50°  C.  (122°  F.),  a  fine  Prus- 
sian-blue color  is  produced,  changing  gradually,  on  exposure  to  the  air,  to  a  green 
and  finally  to  a  brown.  Chloral  hydrate  gives  the  same  reaction.  The  boiling 
point  of  chloroform  is  a  valuable  indication  of  its  purity.  Pure  chloroform  boils 
at  60.8°  C.  (141. 4**  F.).    The  presence  of  one-half  per  cent,  of  alcohol  reduces 
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the  boiling  point  to  59.8^  C.  (139.5^  F.).    A  boiling  point  higher  than  61^  C. 
(141.8^  F.)  indicates  the  presence  of  amyl  or  butyl  compounds. 

^iritus  chloroformi  (U.  S.  P.)  contains  six  per  cent,  by  volume 
of  chloroform  and  ninety-four  per  cent,  of  alcohol. 

Carbon  tetrachloride,  Tetntchlor-methane,  CCI4,  is  a  colorless, 
transparent,  mobile,  highly  refractive  liquid  having  a  pleasant,  ethereal 
odor  and  possessing  anesthetic  propoties,  but  dangerous  to  use  owing 
to  its  effect  on  the  heart.  It  is  employed  mostly  as  a  solvent.  It  boils 
at  76.7^  C.  (170*=*  F.). 

Methyl-bromide,  CHgBr,  or  monobrom-methanei  and  dibrom- 
methane  have  little  or  no  interest  to  the  medical  student. 

Tribrom-methane,  or  bromoform,  bromoformtim  (U.  S.  P.), 
CHBr„  closely  resembles  chloroform  in  properties.  It  boils  at  148^0. 
(298.4®  P.).  Sp.  gr.,  2.808  at  25*=*  C.  (77®  F.).  It  is  not  infrequently 
present  in  commercial  bromine,  even  to  die  extent  of  ten  per  cent.  It  is 
prepared  by  gradually  adding  bromine  to  a  cold  solution  of  KOH  in 
methyl-alcohol,  until  the  liquid  begins  to  be  colored.  It  is  purified  by 
treatment  with  CaCl,,  and  redistSlation.  It  is  soluble  in  ether  and 
alcohol,  and  but  sparingly  so  in  water. 

Iodoform,  triiodo-methane,  iodoformum  (U.  S.  P.,  Br.),  CHI,, 
is  formed  by  the  combined  action  of  KOH  and  iodine  upon  ethyl- 
alcohol 

CH,-  CHjOH  H-  4I,  +  6KOH  -  CHI,  -f-  HCOOK  +  sKI  +  5H,0. 
Its  formation  is  a  convenient  test  for  ethyl-alcohol,  or  acetic  aldehyde. 
This  compound  is  prepared  by  acting  upon  ethyl  alcohol,  aldehyde, 
acetone,  and  many  other  compounds  wiUi  iodine,  and  potassimn  hy- 
droxide or  carbonate.  Although  made  from  ethyl-alcohol,  it  ought 
to  be  regarded  as  a  derivative  of  CH^  by  substitution  of  I3  for  H,. 

It  crystallizes  in  yellow  scales,  which,  under  the  microscope,  resem- 
ble the  beautiful  forms  of  snowflakes.  It  has  a  penetrating,  safiFron- 
Kke  odor,  melts  at  115**  C.  (239®  F.),  and  volatilizes  slowly  at  ordinary 
temperatures.  It  is  soluble  in  9391  parts  of  water,  but  easily  soluble  in 
alcohol,  ether,  chloroform,  bisulphide  of  carbon,  and  fixed  and  volatile 
oils.    It  is  neutral  in  reaction,  and  volatilizes  completely  on  heating  it. 

Physiological  Effects.— Iodoform  is  a  stimulant  and  anesthetic 
when  applied  to  wounds,  and  is  much  prized  by  many  surgeons  as  an 
antiseptic  dressing  for  wounds  after  operations.  It  prevents  putre- 
factive decompositions  and  acts  as  a  deodorizer,  but  its  own  odor  is 
disagreeable  to  many  persons.  Its  beneficial  effect  is  probably  due 
to  the  slow  liberation  of  iodine. 

Tests  for  Impurities. — Commercial  iodoform,  on  agitation  with  water, 
should  not  yield  a  hquid  precipitable  by  BaCL  or  AgNO,.  (Absence  of  sulphates 
and  chlorides.)  It  should  be  wholly  soluble  in  boiUng  alcohol,  and  should  leave 
no  residue  on  ignition  in  the  air.    Picric  add  has  been  used  as  an  adulterant  of 
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iodofonn.  It  may  be  detected  by  agitating  a  sample  with  a  dilute  solution  of 
NaOH  or  Na,CO,i  carefully  neutralizing  the  filtrate  with  acetic  add,  and  adding 
potassium  nitrate,  when  a  yellow  precipitate  of  potassium  picrate  will  be  thrown 
down. 

HALOID  SUBSTITUTION  PRODUCTS  DERIVED  FROM  ETHANE. 

These  are  formed  by  replacing  the  hydrogen  by  the  halogens,  or 
more  readily  by  replacing  the  hydroxyl  group  in  ethyl  alcohol  by  one  of 
the  halogen  elements — viz.,  fluorine,  chlorine,  bromine,  or  iodine. 

Ethyl-chloride,  -ffithylis  chloridum  (U.  S.  P.),  QH^Cl,  is  prepared 
by  passing  gaseous  HCl  into  a  boiling  solution  of  zinc  chloride  in  twice 
its  weight  of  alcohol. 

CfifiK  +  HCl  =  C^jCl  +  HOH. 

The  ethyl-chloride  distils  over  and  is  dissolved  in  alcohol.  It  is  a 
colorless  liquid  of  sp.  gr.  0.92,  boiling  at  12.5®  C.  (54.0®  F.).  A  mix- 
ture of  C3H5CI  and  methyl-ether  is  used  as  a  local  anesthetic.  The 
liquid  is  very  much  used  as  a  local  and  general  anesthetic.  It  is  sold 
in  sealed  tubes  provided  with  a  fine  opening  at  one  end  controlled  with 
a  valve.  When  the  liquid  b  thrown  upon  the  skin  the  cold  produced  by 
the  evaporation  of  the  liquid  freezes  the  part  and  renders  it  anesthetic. 
It  is  considered  a  rapid  and  safe  general  anesthetic. 

Ethyl-bromide,  CjHgBr,  is  prepared  by  the  action  of  bromine 
and  phosphorus  on  absolute  alcohol.  It  is  a  colorless  liquid,  boiling 
at  39®  C.  (102*^  F.).  It,  as  well  as  the  chloride,  has  anesthetic 
properties.  The  bromide  has  been  employed  for  this  purpose,  but  is 
not  considered  free  from  danger. 

OROANO-METALLIC  COMPOUNDS. 

The  hydrocarbon  radicals  can  be  made  to  combine  with  certain 
metals.  They  are  usually  obtained  by  the  action  of  the  iodide  of  an 
alcoholic  radical  upon  the  powdered  metallic  element  in  an  atmos- 
phere of  H.  They  are  substances  which  have  been  put  to  no  use  in 
the  arts  or  in  medicine,  but  are  of  interest  principally  in  chemical 
synthesis.  The  hydrocarbon  radicals  also  combine  with  anmionia, 
phosphin,  arsin,  and  stibin.  These  compounds  are  similar  to  the 
ammonium  compounds,  which  we  shall  study  later.  They  are  of  no 
therapeutic  interest. 

THE  ALCOHOLS. 

The  alcohols  may  be  regarded  as  compounds  composed  of  hydroxyl 
and  a  hydrocarbon  radical;  or  they  may  be  regarded  as  the  result  of 
the  substitution  of  OH  for  one  or  more  H  atoms  in  a  hydrocarbon 
molecule.  In  fact,  nearly  all  hydrocarbons  may  be  so  changed  by  the 
action  of  hydrogen  dioxide.    They  may  also  be  r^arded  as  formed 
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lirom  a  molecule  of  water,  m  which  one  of  the  hydrogen  atoms  has 

been  replaced  by  a  hydrocarbon  radical — i.  e.,  they  may  be  regarded 

as  hydroxides  of  a  hydrocarbon  or  alcohol  radical,  and  they  resemble 

in  structure  the  bases  of  inorganic  chemistry. 

H— O— H  HOCH,  HOC-H, 

Water.  Methyl-akobol.  Ethyl-aloohoL 

The  presence  of  a  hydroxyl  group  in  alcohob  may  be  proven  by  treatment  with 
m^t^llic  sodium,  which  replaces  the  hydrogen  of  the  hydroxyl;  or  by  treatment  with 
PCla,  which  removes  OH  and  replaces  it  with  CI,  as  indicated  in  the  following  re« 
action: 

4CH,OH     +     PCle     -     4CH,Cl     +     HCl     +     H^O.. 
Methyl-  Pbofphorus  Methyl  Phoephortc 

Ptentaddoride.       Chkxide.  Acid. 


Alcohols  are  classified  as  monatomiCi  diatomic,  triatomic, 
etc.,  according  to  the  number  of  hydroxyl  groups  in  the  molecule. 

A  monatomic  alcohol  is  one  containing  but  one  OH  group. 

A  diatomic  alcohol  is  one  containing  two  OH  groups. 

A  triatomic  alcohol  is  one  containing  three  OH  groups. 

The  hydrogen  of  the  hydroxyl  group,  in  alcohols,  may  be  replaced 
by  both  positive  and  negative  radicals.  This  H  is  called  alcoholic 
hydrogen,  to  distinguish  it  from  the  other  H  atoms  in  the  alcohol 
molecule. 

Alcohols  are  also  divided  into  primary,  secondary,  and  tertiary, 
to  distinguish  the  various  isomers  which  exist  among  these  bodies. 

A  primary  alcohol  is  one  in  which  the  hydroxyl  is  attached  to  a 
carbon  atom  which  is  united  to  but  one  other  carbon  atom,  as 
CH,-CH,-CH,-0-H.    They  contain  the  group  (CH,OH)'. 

A  secondary  alcohol,  or  iso-alcohol,  is  one  in  which  the  hydroxyl 
group  is  attached  to  a  carbon  atom  which  is  joined  to  two  other  carbon 
atoms.  It  contains  the  group  (CHOH)"  instead  of  CI^OH  of  the 
primary  alcohols;  as,  for  example: 

CH,— CH— CH, 

6 
I 

H 
laopcopyl-alcohol. 

Or  it  may  be  derived  from  an  isomeric  hydrocarbon.    Thus,  from  butane 

we  may  have  two  isomeric  alcohols,  according  to  the  following  formuke: 

CH.CILCHjCH,OH    and     CH,  •  CH,  •  CHOH  •  CH,. 
Nonnal  Biityl  -akohoL  Iiobutyl-alcohol. 

From  isobutane  we  also  have  two  isomeric  alcohok,  the  one 
primary  and  the  other  tertiary: 

^^:  CH  •  CH,  •  OH  and  ^j^:  COH  •  CH,. 

laofnopyl-carbinol,  or  Trimethyl-aurbiiiol  or 

PriBMry  laobvtyl-AloolioL  Tertiary  Butyl-akohoL 
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A  tertiary  alcohol  is  one  in  which  the  hydroxyl  group  is  linked 
to  a  carbon  atom  which  is  joined  to  three  other  carbon  atoms.  It 
contains  the  group  (COH)''';for  example: 

CH, 
CH,— <!:— CH, 

TertUrj  Bvtyl-akohol,  or  Trimethyl-carbiooL 

Greater  facility  in  naming  the  alcohols  may  be  attained  by  regard- 
ing them  all  as  derivatives  of  methyl-alcohol,  or  carbinol.  Accord- 
ing to  this  view,  the  formulae  and  corresponding  names  are  as 
foUows: 

Carbinol,  CH,OH. 

Ethyl-alcohol,  or  Methyl-carbinol,  CH,  *  CH,  *  OH. 

Propyl-^cohol,  or  E&yl-carbinol,  C,H»  •  CBLOH. 

Isopiopyl-alcohol,  or  Dimethyl-carbinol,  CH*  •  CHOH  •  CH^ 

Isobutyl-alcohol,  or  Trimethyl -carbinol,  (CHJ,  •  COH. 

Butyl-alcohol,  or  Piopyl-carbinol,  CJEIy  •  CH,OH. 

Primary  Isobutyl-alcohol,  or  Isopropyl-carbiool,  C^  *  CH^OH. 

The  primary,  secondary,  and  tertiary  alcohols  are  distinguished 
by  their  behavior  with  oxidizing  agents.  Primary  alcohols,  when 
oxidized,  at  first  form  an  aldehyde,  and,  finally,  an  acid  containing 
the  same  niunber  of  carbon  atoms  as  itself. 

aCJI,OH    +    O,    -     2C^,OH    +    aH,0. 
Ethyl-aIcx>hol.  Acetic  Aldehyde. 

aC,H,OH    +    O,    -     2C,H,OOH. 
Acetic  Aldehyde.  Acetic  Add. 

Secondary  alcohols,  when  oxidized,  yield  a  ketone  having  the  same 
niunber  of  carbon  atoms  as  itself,  but  no  organic  acid. 

2(CH^,CHOH    +    O,     -     2(CIL)XO    +    2H,0. 
Isopropyl-alcohol,  or  Dimethyl-ketone. 

Dimethyl-cartunol. 

A  tertiary  alcohol,  when  oxidized,  is  either  broken  up  into  two  or 
more  acids,  or  it  may  form  a  ketone  having  one  carbon  atom  less 
than  itself,  while  the  other  carbon  atom  forms  formic  or  carbonic 
acid. 

2(CH,),COH    -f-    3O,    -    2(CH0,CO    +    aHCOOH    +    2H,0. 
Trimethyl-carbinol.  Dimethyl-lutone.  Formic  Add. 

From  the  above  reactions  we  deduce  the  following  rule:  When 
an  organic  compotind  is  acted  upon  by  oxidizing  agents,  the 
molecule  is  attacked  at  the  part  which  already  contains  oxygen, 
or  where  oxidation  has  already  begun. 

Honatomic  Alcohols. — Having  given  a  brief  definition  of  the 
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several  groups  of  alcohob,  we  shall  now  proceed  to  notice  briefly  those 
members  which  may  be  considered  of  most  importance  to  the  student 
of  medicine  or  pharmacy.  We  shall  omit  many  of  these  compounds 
"which  are  of  chemical  interest  only. 

Table  op  Monatomic  Alcohols  of  the  First  Series,  wfth  Correspond- 

iNO  Acids. 


Alcohols. 


FOKRfULA. 


Boiling 
Point. 


Fatty  Acids. 


Formula, 

+ 


Boiling 
Point. 


Methyl  -  alcohol    (Wood- 
spirit) 

Ethyl  -  alcohol  (Spirit  of 

Propyl-aicohol, 

Batyl-alcohol, 

Amyl-  or  Pentyl-alcohol,    . 

Hezyl-alcohol, 

Hcptyl-akohol, 

OctyUlcobol 

Ceiyl-slcohol,     

Ceiyl-alcohol, 

Meliflsyl-alcohol, 


CHrO-H 

CtHi-O-H 
CtHr-O-H 
CiHrO-H 
QHu-O-H 

C»HirO-H 

CrHirO-H 

CHirO-H 


CmHvO-H 

CtrHirO-H 
C»Ha-0-H 


660  C. 

xi60C. 
I37*»C. 

153^0. 

176OC. 

195<>C. 

Melting 
Fomt. 
yPC. 


Fonaic  Acid, 


Acetic  Acid, 
Propionic  Acid, 
Butyric  Acid, 
Valerianic  or 

Pentylic  Acid, 
Caproic  or 

HexyUc  Acid. 
<£nanthic  or 


Heptvlic  Acid 
Japrylic  or 
Octylic  Acid, 


C. 


Palmitic  Acid, 
Stearic  Acid, 
Cerotic  Acid, 
Melysatc  Acid. 


HCHOt 

HCiIUOi 
HC,H»0| 
HC4HTO1 

HC»HA 

HC4«iiO, 

HCtHuOi 

HCsHuC 


Hc^»o; 

HC^HhO, 
HC»HmO, 


looPC. 

118®  C. 
141**  C. 
i?3«C. 

i«5*C. 

aosoC. 

M4»C. 

3330  C. 
Meltimt: 
Point. 
6aOC. 
60jjOC. 


Carbinol,  Heihyl-alcohol,  Methyl  Hydroxide,  Wood  Al- 
cohol.— CHgOH.  Methyl-alcohol  occurs  among  the  products  of  the 
destructive  distillation  of  wood,  forming  about  one  per  cent,  of  the 
distillate.  The  alcohol  is  separated  from  the  other  products  by  careful 
fractional  distillation.  It  is  then  redistilled  after  adding  lime.  This 
is  then  treated  with  dry  caldum  chloride,  with  which  the  alcohol  com- 
bines to  form  a  solid,  crystalline  body,  from  which  other  impurities 
may  easily  be  separated;  the  alcohol  is  recovered  from  this  solid  by 
distilling  with  water.  The  water  is  finally  removed  by  treating  with 
quicklime  and  distilling  at  a  low  temperature.  Oil  of  wintergreen 
consists  chiefly  of  the  methyl-ester  of  salicylic  acid.  On  distilling  this 
oil  with  potassium  hydroxide,  pure  methyl-alcohol  is  obtained. 

Methyl-alcohol  is  a  transparent,  colorless,  mobile  liquid,  having  a 
spirituous  odor  and  a  sp.  gr.  of  0.8143.  It  bums  with  a  bluish  flame. 
It  is  miscible  with  water  in  all  proportions.  Columbian  spirit  is 
a  deodorized  pure  methyl-alcohol.    By  oxidation  it  yields  formic  acid. 

CH^OH  -h  O,  -  CHO^  +  H,0. 

With  adds  it  produces  esters.     With  acetic  add  it  gives  methyl- 
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acetic  ether,  or  methyl-acetate,  CH, — O — CjHjO.  With  hydrochloric 
acid  it  gives  methyl-chloride,  CH,CL  Many  other  esters  and  substi- 
tution products  are  known. 

The  physiological  action  of  methyl-alcohol  differs  from  that  of 
common  ethyl-alcohol,  in  that  the  exhilarating  effect  is  quickly  followed 
by  vertigo,  nausea,  vomiting,  headache,  dilat^  pupils,  delirium,  coma, 
and  death.  When  recovery  takes  place  blindness  often  results  from 
atrophy  of  optic  nerve. 

Methylated  spirit  is  a  mixture  of  ninety  parts  of  conunon  alcohol 
and  ten  parts  of  methyl-alcohol. 

Ethyl-alcoholy  Common  Alcohol,  Alcohol  (U.  S.  P.).— C^HgOH. 
It  is  prepared  from  saccharine  liquids  by  the  growth  of  a  microscopic 
plant  called  yeast.  The  process  is  called  fermentation.  Cane-su^, 
starch,  and  cellulose  can  be  fermented  only  after  conversion  into  glucose 
or  levulose,  which  can  be  slowly  accomplished  by  the  yeast  itselL 

CmH„0„  +  H,0  «  QH^Oe  +  CeH«Oe. 
Glucose.         LeYiuote. 

CeHwOe  +  yeast  -  2C^O  +  aCO^ 

This  reaction  accounts  for  only  ninety-four  to  ninety-six  per  cent,  of 
the  sugar  employed,  the  remaining  part  being  transformed  into  other 
products,  such  as  succinic  add,  glycerin,  "fusel  oil,"  etc.  The 
organisms  under  whose* influence  this  change  takes  place  are  several 
varieties  of  Saccharomyces,  or  yeast-plants.  The  sugar  to  be  fermented 
may  be  from  the  juices  of  fruits  or  sugar-cane,  or  it  may  be  previously 
prepared  from  the  starch  of  the  cereals  by  the  aid  of  malt  or  sulphuric 
acid.  The  secondary  or  side-products  in  the  fermentation  vary  some- 
what with  sugars  from  these  various  sources,  and  thus  give  rise  to  the 
different  flavors  of  the  fermented  liquors.  The  alcohol  may  be  sepa- 
rated from  the  water  and  other  products,  after  the  fermentation,  by 
careful  fractional  distillation.  If  it  be  desired  to  prepare  an  alcohol 
containing  more  than  ninety  per  cent.,  some  substance  must  be  added 
which  will  combine  with  and  hold  back  the  water, — as  quicklime,  an- 
hydrous copper  sulphate,  potassium  carbonate,  or  barium  hydroxide, 
— after  which  it  is  again  distilled. 

Absolute  alcohol,  alcohol  absolutum  (U.  S.  P.,  Br.),  is  a 
colorless,  limpid  liquid  of  an  agreeable  odor  and  burning  taste,  con- 
taining not  more  than  i  per  cent,  of  water.  Its  sp.  gr.  should  not  be 
above  0.790  at  25®  C.  (77**  F.),  equivalent  to  99  per  cent,  of  alcohol  by 
volume  and  weight.  It  attracts  water,  and  mixes  slowly  with  this  liquid 
in  all  proportions,  with  the  production  of  heat  and  contraction  in 
volume.  It  boils  at  78.4®  C.  (173®  F.),  and  solidifies  at  —130.5®  C. 
( — 202.9**  F.).    It  is  neutral  to  test-paper,  and  bums  readily,  wiA  a  non- 


ALCOHOLS.  317 

luminous  flame.  It  dissolves  resins,  essential  oik,  alkaline  hydroxides, 
calcium  chloride,  and  a  large  number  of  organic  bodies.  Oxidizing 
agents  convert  it  into  aldehyde  and,  finally,  into  acetic  add.  Nitric 
add  (fuming)  decomposes  it  very  rapidly,  giving  a  number  of  adds 
and  ethers.  If  nine^  per  cent,  of  alcohol  be  added  to  a  solution  of 
mercury  or  silver  in  nitric  add,  a  rapid  ebullition  takes  place,  forming 
a  crystalline  deposit  of  fttlminate  of  silver  or  mercury,  which  ex- 
plodes, when  dry,  by  percussion,  and  is  used  in  filling  percussion 
caps.  The  formulae  are  C^s^s^Si  ^^^  Q^aOi^S*  ^^^  alkaline 
metals  attack  alcohol,  and  give  ethylates  of  these  metals. 

aCfifin  +  K,  -  2CAOK  +  Ur 

When  distilled  with  sulphuric  add  and  a  salt  of  an  organic  add,  it 
forms  compound  ethers,  or  esters. 

Physiological  Action. — ^Alcohol,  when  concentrated,  is  a  poison. 
Even  when  taken  in  large  doses,  well  diluted,  it  has  frequently  caused 
death,  probably  by  paiulysis  of  the  musdes  of  respiration  or  of  the 
heart  In  fuU  doses  it  causes  a  feeling  of  warmth  in  the  stomach, 
followed  by  congestion  of  this  organ.  After  absorption,  there  is  at 
first  a  feeling  of  exhilaration,  with  exalted  animal  functions,  quickened 
pulse,  and  increased  circulation,  with  dilatation  of  the  superfidal 
blood-vessels.  This  is  often  accompanied  and  always  followed  by  in- 
coherence of  ideas  and  muscular  actions,  and  finaUy  a  general  weak- 
ness of  all  the  voluntary  actions.  The  temperature  b  lowered,  both 
in  health  and  in  most  diseased  conditions.  The  prolonged  use  of 
alcoholic  beverages  is  followed  by  general  d^enerative  changes, 
dther  fatty  or  fibroid.  There  are  no  condusive  arguments  to  prove 
the  benefit  to  be  derived  from  the  use  of  alcohol  in  health,  but  in  cer- 
tain diseased  conditions  it  is  of  undoubted  value. 

Commercial  Forms. — Commercial  alcohol  varies  in  strength 
from  85  to  95  per  cent.  Alcohol  (U.  S.  P.)  contains  about  93.3  per 
cent,  by  wdght,  and  94.9  per  cent,  by  volume,  of  ethyl-alcohol.  Com- 
mercial alcohol  usually  contains  about  91  per  cent,  by  weight,  or  94 
per  cent  by  volume,  of  alcohol,  and  about  9  per  cent,  by  wdght  of 
water. 

Alcohol  should  have  a  sp.  gr.  of  about  0.816  at  15®  C.  (59®  F.). 
and  when  mixed  with  an  equal  volume  of  water  and  one-fifth 
volume  of  glycerin,  and  the  mixture  allowed  to  evaporate  spon- 
taneously from  dean  blotting-paper,  it  should  leave  no  fordgn  odor. 
It  should  not  turn  brown  upon  adding  concentrated  sulphuric  add 
to  it. 

Alcohol  dilutum  (U.S.  P.)  contains  41.5  per  cent,  by  weight,  or 
48.9  per  cent,  by  volume,  of  absolute  ethyl-alcohol. 
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Proof  Spirit^  spiritus  tenuior  (Br.,  1890),  contains  49  per  G^-nt 
CjH^O;  so  called  because  it  is  the  weakest  alcohol  that  will  ire  gun- 
powder. 

Tinctures  are  solutions  of  medicinal,  non-volatile,  or  only  partially 
volatile,  substances  in  liquids  other  than  glycerin  or  water.  Solutions 
of  volatile  substances  in  water  are  known  as  medicated  waters, 
and  similar  solutions  in  alcohol  as  spirits.  The  liquids  employed  in 
the  preparation  of  tinctures  are  alcohol  of  difiFerent  strengtiis,  spirit 
of  ether,  spirit  of  nitrous  ether,  mixtures  of  water,  alcohol,  and 
glycerin,  and  aromatic  spirit  of  ammonia  or  ammoniated  alcohol. 
According  to  the  liquid  employed,  tinctures  are  known  as  ammoniated, 
ethereal,  or  alcoholic.  The  greatest  number  of  tinctures  are  made 
with  alcohol.  Most  tinctures  of  the  U.  S.  P.  are  prepared  with  diluted 
alcohol;  those  of  the  Br.  P.  with  alcohol  of  five  different  strengths, — 
viz.,  90  per  cent.,  70  per  cent.,  60  per  cent.,  45  per  cent.,  and  20 
per  cent.  The  U.  S.  P.  official  tinctures,  of  which  there  ai:e  sixty- 
four,  are  made  in  three  ways:  (i)  by  percolation;  (2)  by  maceration; 
(3)  by  solution  or  dilution.  Tinctures  of  resins,  oleoresins,  balsams, 
and  most  of  the  gum-resins  are  best  prepared  by  maceration.  All 
other  drugs  are  convenientiy  extracted  by  percolation.  This  plan  has 
been  genially  adopted  by  the  U.  S.  P.  where  practicable.  The  Br.  P. 
directs  first  to  macerate  the  drug  for  twenty-four  hours  and  then  to 
percolate.  The  Ger.  P.  directs  to  prepare  all  tinctures  by  maceration 
or  digestion. 

Detection  and  Estimation  of  AlcohoL — ^Alcohol  may  be  detected  in  quantities 
of  one  per  cent  or  more,  in  any  fluid,  by  shaking  the  sample  for  a  few  minutes  with 
a  small  quantity  of  powdered  guaiacum  taken  from  the  center  of  a  lump,  Filter  the 
liquid  and  add  a  few  drops  of  diluted  hydrocyanic  add  and  a  drop  of  a  weak  solution 
of  CUSO4.  If  alcohol  be  present,  a  blue  color  is  produced,  which  can  best  be  seen 
by  holding  the  tube  over  white  paper. 

Second  test. — A  very  delicate  test  for  alcohol  depends  on  the  fact  that  akohol, 
under  the  influence  of  iodine  and  an  alkali,  yields  iodoform,  CHI,.  To  10  c.c.  of 
the  liquid  add  5  drops  of  a  10  per  cent,  solution  of  NaOH,  and  warm  to  about  50^  C. 
( 1 2  2^  F.) .  A  saturated  solution  of  iodine  in  a  solution  of  KI  is  next  added,  drop  by 
drop,  until  tiie  liquid  becomes  slightly  yellow.  If  alcohol  be  present,  iodoform  is 
graaually  deposited  in  yellow  crystals,  which  may  be  examined  with  a  lens. 

Third  test. — A  solution  of  one  part  of  molybdic  acid  in  ten  of  strong  H^04, 
when  warmed  with  the  suspected  solution,  immediately  gives  a  blue  color  in  the 
presence  of  alcohol,  ether,  or  aldehyde.    It  will  detect  o.  i  per  cent. 

Alcohol  is  estimated  quantitatively  in  mixtures  with  water  by  means  of  its  sp.  gr. 
and  reference  to  an  alcoholic  table  prepared  for  the  purpose.  In  tinctures,  wine, 
beer,  or  other  beverages,  100  c.c.  of  the  sample  is  put  into  a  retort  and  distilled  until 
about  one-half  distils  over.  The  distillate  is  collected  and  pure  water  added  to  make 
the  volume  up  to  that  of  the  beverage  taken.  It  remains  then  to  take  the  sp.  gr.  of 
this  solution,  and  refer  to  the  table  to  determine  the  percentage  of  alcohol.  The  sp. 
gr.  in  these  cases  must  be  taken  with  extreme  care,  with  the  sp.  gr.  bottie. 
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Alcoholic  beverages  are  usually  of  three  classes— viz.,  distilledi 
fermentedi  and  malt  liquors.  To  the  first  class  belong  spirita 
distilled  from  fermented  liquors — brandy  from  wine,  whi&y  from 
a  mash  of  com  or  rye,  rum  from  molasses,  gin  from  corn-spirit  mixed 
with  juniper  berries. 

To  the  second  class  belong  the  various  wines.  To  the  third  class 
belongs  beer,  prepared  by  fermenting  an  infusion  of  malted  barley 
and  hops.  Ale,  porter,  and  stout  differ  from  beer  only  in  the  selec- 
tion and  proportion  of  the  malt,  hops,  and  flavoring  materials. 

We  introduce  here  some  results  of  the  analyses  of  various  distilled  liquors,  as 
found  in  the  American  market,  for  the  purpose  of  comparison  as  to  the  ordiiiary 
strength  of  alcohol. 

Bbandy.  Whisky.  Rum. 

Specific  gravity,  0.9397  to  0.9615        0.9018  to  0.9646        0.9126  to  0.9684 

Pn  CnvT.  Pn  Cent.  Pn  Cnvr. 

*j^,   ,  f  By  volume,  30.80  to  5040  28.90  to  60.30  26^10  to  50.30 

^^"^^  \  Ytf  weight,  25.39  to  42.96  23.75  to  52.58  21.66  to  42.87 

It  seems,  therefore,  that  there  is  a  great  variation  in  the  strength  of  these 
liquors  as  ordinarily  sold;  while  they  are  supposed  to  contain  from  40  to  50  per 
cent,  of  alcohol  by  volume,  in  reality  they  usually  contain  from  35  to  45  per  cent. 
It  is,  thereibre,  a  very  uncertain  way  of  prescribing  alcohol,  to  prescribe  any  one  of 
these  beverages.  A  much  more  certain  method  is  to  prescribe  alcohol  of  known 
strenffth,  flavcMed  with  acetic  etheiv  and  softened  with  glycerin  or  syrup. 

Wines  contain  from  6  to  25  per  cent,  of  alcohol. 

Port  Wine, 16.62t023.2per  cent 

Shcny  **  i6.ooto25.o      " 

Bordeaux,  Red, 6.85  to  13.0      ** 

"         White, 11.00  to  18.0      " 

Champagne, 5.80  to  13.0      '* 


COMPOSITION  OF  FORTIFIED  WINES.     (Dupre.) 


aS^^SS^'.!!!'/.'.!'.!!!!!! 

Extract,.  • « 

Glucose, 

Mineral  matters, 

Addity  (as  tartaric  add), 
PhosphOTic  add, 


SBntiY. 

Madura. 

PORT. 

0.9979 

0^39 

0.9966 

0.9974 

17.20 

1775 

16.71 

1753 

5.38 

t.^ 

4.98 

5.39 

2.97 

3-24 

2.28 

0.55 

0.39 

0.22 

0.26 

0.52 

0.54 

*^-33„ 

0.49 

0.025 

0.042 

0.018 

0.033 

The  following  table  is  taken  from  Fresenius  and  Borgmaim,  and  shows  the 
average  composition  of  certain  pure  wines  in  grams  per  100  c.c. : 
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Red 
Main. 


WHltB 

Main. 


Hocks. 


Whits 
Fkknch. 


Red 

FlXNCB. 


Alcohol — 

Maximum, 

Minimum, 

Average, 

Extract, 

Mineral  matters, 

Acidity 

Glycerin, 

Sulphuric  acid,  SO„  . 
Phosphoric  add,  P,Oj 


9-51 
9.49 

9-50 

3-00 

0.32 

0.58 

1.19 

0.076 

0.065 


10.15 
8.90 
952 
2.43 
0.19 
0.69 
1. 10 

0.044 
0.039 


10.39 
6.42 
8.77 
2.32 
0.22 
0.62 
0.92 
0.047 
0.040 


9.84 

905 

9-44 

2.54 

0.26 

0.62 

0.94 

0.017 

0.034 


9-3a 
7-99 
8.56 
2.44 
0.25 

0.54 
0.86 
0.013 
0.027 


8.72 
7.04 
8.08 
2. II 
0.18 
0.79 

0.73 
0.012 

0.047 


Beers  and  porters  contain  from  i  to  10  per  cent,  of  alcohol;  average,  about 
4  to  5  per  cent,  by  volume.  The  average  of  extractive  matters  (dextrin,  cellukse, 
0usar,  lupulin,  and  hop-resin)  is  4  to  15  in  ale,  4  to  9  in  porter,  and  about  5  per  cent, 
in  beer.  AH  alcoholic  beverages  are  subject  to  gross  adulterations.  Artificial  bev- 
erages are  frequently  sold  in  all  markets. 

The  following  table  gives  the  average  composition  of  malt  liquors  (Allen) : 


Pilsen  Lager, 

Hanoverian  Lager  (average  of  20  samples), 
American  Lager  (average  of  19  samples), . . 

Bass's  Pale  Ale, 

Alsop's  Pale  Ale, 

Guiness's  Stout, 


Dublin       ** 
Munich  Lager,  . 


Sp.Gr. 


1.013 
1. 01 7 
1.016.2 
1.013.8 
1. 014.4 


1.124.4 
1. 02 1 


Alco- 
hol. 


3-55 
4.01 
2.78 
6.25 

6.37 
6.66 

5-oS 
5-50 
4.75 


SOUD 

Mattkrok 
ExTSAcr. 


6.34 
6.05 
6.98 
4.44 
7.24 

5.48 
8.71 
7.08 


Fees 
Aao. 


0.12 
0.14 
0.24 
0.20 
0.23 
0.18 
0-I5 


ASB. 


0.20 
0.24 
0.30 


Propyl-alcohol,  or  ethyl-carbinol,  QH^OH,  is  found  in  the 
later  portions  of  the  distillate  in  rectifying  crude  alcohol.  Its  sp.  gr* 
fa  0.82.  It  boils  at  97.5®  C.  (207.5®  F.).  It  may  be  separated  from 
Jts  mixture  with  water  by  saturating  it  with  CaC^,  which  absorbs  the 
water  and  allows  the  alcohol  to  separate  as  a  layer.  When  oxidized, 
it  yields  propionic  aldehyde,  CaHgOH,  and  propionic  acid,  C^ 
COOH. 

Isopropyl   Alcohol,   Dimethyl-carbonyl,  CH  ^Cqh   '^   ^^ 

known. 

Butyl-alcohols. — C4H9OH.    There  are  four  butyl-alcohols  known. 
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The  butyl-alcohol  of  fermentation  is  formed  in  small  quantities  during 
the  alcoholic  fermentation  of  sugars.  It  may  be  obtained  by  repeated 
fractional  distillation  of  the  heavier  portions  that  come  over  at  the 
end  of  the  distillation  of  the  mash.  It  is  a  colorless  liquid,  boiling 
at  116®  C.  (240.8®  F.).  It  is  more  poisonous  than  ethyl-  or  methyl- 
alcohoL 

Amyl-alcohol,  Fusel  Oil,*  Potato-spirit,  Isotmtyl-carbinoL— 
C,H|jOH.  There  are  eight  possible  theoretical  amylic  alcohols,  all  of 
which  are  known: 

CH,  •  CH,  •  CH,  •  CH,  •  CH,  •  OH 
Monnal  Amyiic  Alcohol,  or  Primary  Amylic  Alcohol. 

CH, 

CH,C    CH,CH,OH 

H 
bobutyl-cmrbinoL 


CH,-CH,-C-CH,-CH,. 

OH 
Di-ethyi-ourbinol. 

OH 
CH,-CH,CCH, 

CH, 

Dimethyl-ethyl-cubiDol,  Amylene  Hydrate. 

CH, 

CH, .  C  .  CH,  .  OH 

CH, 
Tertiary  Butyl  Carbinol 


OH 

CH,-CH,-CH,-C-H 

CH, 
Methyl-|xopyl<arbiiioL 


CH,-CH,CCH, 

CHjOH 
Actire  Amyl  Alcohol. 

OH 

CH,-CC:(CHJ, 

H    H 
llethyl-isopropyl-carbinol. 


Of  these  compounds  the  only  ones  of  interest  are  isobutyl-carbinol 
and  amylene  hydrate. 

Amyl-alcoholy  isobutyl-carbinol,  alcohol  amylicum  (Br.), 
CjHijOH,  is  formed  in  small  quantities  at  the  same  time  with 
ethyl-alcohol,  during  the  fermentation  of  barley-,  com-,  and  espe- 
cially potato-mash.  It  is  prepared  from  the  residue  left  in  the  still 
after  the  common  alcohol  has  been  distilled  ofiF.  The  product  coming 
over  at  13  2**  C.  (269®  F.)  is  that  collected. 


^  Fusel  oil,  properly  speaking,  is  a  mixture  of  several  alcohols,  of  which  amyl* 
alcohol  is  one. 
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It  is  a  colorless,  oily  liquid,  possessing  a  peculiar,  irritating  odor, 
which  excites  coughing,  and  a  burning  taste.  It  is  not  misdble  with 
water,  but  mixes  in  all  proportions  with  alcohol  and  ether.  It  is  a 
good  solvent  of  certain  alkaloids.  Taken  internally,  both  in  the 
form  of  vapor  and  when  taken  by  the  stomach,  it  acts  as  a  poison, 
producing  dizziness,  headache,  and  intoxication.  Much  of  the  un- 
wholesomeness  of  imperfectly  rectified  spirituous  liquors  arises  from 
their  contamination  with  fusel  oil. 

The  principal  uses  of  fusel  oil  are  in  the  preparation  of  varnish, 
and  as  a  source  of  amyl-esters,  which  are  used  extensively  to  prepare 
artificial  flavoring  extracts.  Thus,  the  acetate  has  the  odor  of  pears, 
and  is  used  by  confectioners  under  the  name  of  "pear  oU,"  while 
the  valerianate  is  used  to  give  the  flavor  of  apples,  and  is  called 
"apple  oil." 

Amylene  Hydrate,  or  Dimethyl-cthyl-carbinoL— CH, .  CH, .  - 
COH  :  (CH,),.  When  amyl-alcohol  is  heated  with  ZnClj,  amylene, 
CjHjj,,  is  formed;  this  combines  with  hydriodic  add  to  form  amylene 
iodide.  This  iodide,  when  treated  with  AgjO,  gives  tertiary  amylic 
alcohol,  or  amylene  hydrate.  This  is  a  colorless  liquid,  boiling  at 
io8°  C.  (226.4**  F.),  with  a  peculiar  odor  resembling  menthol.  It  is 
soluble  in  eight  parts  of  water  and  freely  soluble  in  alcohol.  It  has 
been  employed,  in  doses  of  twenty  to  twenty-five  grains,  as  a 
hypnotic. 

Among  the  higher  monatomic  alcohols  the  following  are  of  interest: 

Cetyl-alcohol,  CieH^OH,  formerly  termed  ethaf,  is  obtained  by  saponifying 
spermaceti  (cetaceum,  U.  S.  P.)>  which  consists  of  palmitate  of  cetyl.  Spermaceu 
is  a  solid,  crystallized  fat  accompanying  sperm-oil,  in  the  head  of  the  sperm-whale. 

Ceryl-alcohol,  C«HseOH,  is  obtained  in  the  same  manner  from  Chinese  wax. 

MeUssyl-alconol,  CjoH^jOH,  is  obtained  from  that  portion  of  beeswax  soluble 
in  alcohol,  which  is  composed  of  melissyl-palmitate.  Yellow  wax  (cera  flava, 
U.  S.  P.)  and  white  wax,  which  is  bleached  by  exposure  to  moisture,  air,  and  sun- 
light, are  prepared  from  the  honey-comb.  Beeswax  contains,  besides  melissyl- 
palmitate,  cerotic  acid  and  cerolein.  The  adulterants  found  in  wax  are  paraffin  and 
ceresin.  Both  paraffin  and  ceresin  reduce  the  melting  point  of  wax,  which  should 
not  be  lower  than  63.3**  C.  (146®  F.).  Pure  wax  will  yield  not  more  than  three  per 
cent,  to  cold  alcohol,  whereas  resin,  if  present,  would  be  extracted  by  the  alcohd. 
Both  paraffin  and  ceresin  are  insoluble  in  alcohol. 

DIATOMIC  ALCOHOLS  (OLYCOLS). 

These  are  of  little  interest  to  the  physician  or  pharmacist.  They 
may  be  regarded  as  being  derived  from  two  molecules  of  water,  in 
which  one  atom  of  H  from  each  molecule  has  been  replaced  by  a  di- 
atomic radical. 

Glycol,  Cya^COH),,  or  ethylene  alcohol,  is  a  colorless,  trans- 
parent, almost  odorless  liquid,  less  mobile  than  alcohol,  having  a 
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sweetish  taste,  and  boiUng  at  197"^  C.  (386.6°  F.).  It  mixes  with 
water  and  alcohol  in  all  proportions.  It  is  prepared  by  decomposing 
ethylene  dibromide  with  potassium  carbonate. 

C,H,Br,  4-  K,CO,  -f  H,0  =  C^/OH),  -f  aKBr  +  CO^ 
It  has  no  practical  applications  in  medicine. 

TRIATOMIC  ALCOHOLS,  OR  GLYCEROLS. 

fOH 
Glycerol,  glycerin,  glycerinisin  (U.  S.  P.,  Br.),  C^Hj  ]  OH,  was 

(OH 
discovered  by  Scheele  in  1779,  and  was  called  by  him  the  sweet  prin- 
ciple of  oils*  It  is  prepared  on  a  large  scale  from  the  neutral  fats, 
as  a  side-product  in  the  manufacture  of  soap  and  candles.  These  fatty 
bodies  are  composed  of  fatty  adds  in  combination  with  glyceryl, 
CjH,,  the  radical  of  glycerol—*,  e.,  they  are  esters  of  the  fatty 
adds  and  glyceryl.  On  treating  these  esters  with  alkalies,  a  salt  of 
the  alkali  with  the  add  is  formed,  termed  a  soap;  the  glyceryl  is  set 
free  by  the  reaction  and  remains  dissolved  in  the  water  present 
This  process  of  decomposing  an  ester  into  an  alcohol  and  acid, 
or  salt  of  the  add,  is  called  saponification.  Neutral  fats  can  also 
be  saponified  by  treating  them  with  superheated  steam,  which  is  the 
process. now  usually  empbyed  in  candle  factories.  The  glycerol  is 
freed  from  the  water  by  evaporation,  and  finally  by  distillation  with 
the  aid  of  superheated  steam.  Glycerol  is  also  formed  during  alco- 
holic fermentation,  and  is  found  in  wines,  etc.  It  is  a  colorless, 
syrupy  liquid,  possessing  a  sweetish  taste  and  no  odor.  Its  density  is 
1.28  at  15.5®  C.  (60®  F.).  The  offidal  glycerinum  has  a  density 
of  not  less  tiian  1.246  at  25®  C.  (77®  F.).  It  is  soluble  in  all  propor- 
tions in  water  and  alcohol,  but  not  in  ether.  It  is  hygroscopic,  and 
absorbs  water  readily  until  it  has  absorbed  twice  its  own  volume.  Its 
range  of  solubility  is  large.  (See  appendix.)  When  heated  in  air,  it 
boils  at  290®  C.  (SS4®  F.),  and  distils  with  partial  decomposition. 
At  low  temperatures,  it  forms,  under  certain  drcumstances,  a  crystal- 
line mass.  When  heated  in  the  air  to  a  high  temperature,  it  takes  fire 
and  bums,  leaving- no  residue.  Boric  acid  imparts  a  green  color  to 
its  flame,  or  to  a  flame  directed  upon  a  platinum  wire  moistened  with 
it.  This  is  one  of  the  most  convenient  tests  for  boric  add.  Chemi- 
cally, glycerol  is,  as  above  stated,  a  triatomic  alcohol — f.  e.,  it  con- 
tains three  hydroxyl  groups.    When  oxidized,  it  yields  glyceric  add, 

fOOH 
QH,  <  OH     It  is  capable,  in  certain  circumstances,  of  undergoing 
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fermentation  with  yeast,  producing  ethyl-alcohol,  propyl-alcohol, 
butyric  and  caproic  adds.  It  unites  with  the  alkalies  and  alkaline 
earths,  the  compounds  being  soluble  in  water.  It  prevents  the  pre- 
cipitation of  copper  hydroxide  by  sodium  or  potassium  hydroxide, 
and  has  been  recommended  for  this  purpose  in  the  preparation  of 
Fehling's  test  solution  for  glucose. 

Glycerol  is  sometimes  adulterated  with  glucose,  cane-sugar  syrup,  and  water. 
The  first  of  these  will  usually  be  easily  detected  by  adding  a  solution  of  sodium 
hydroxide  (caustic  soda)  and  enough  copper  sulphate  to  impart  a  blue  color,  and 
boiling  for  a  few  minutes,  when,  if  glucose  be  present,  red  cuprous  oxide  will  he  pre- 
cipitated. The  presence  of  water  may  be  detected  by  taking  the  specific  gravity, 
which  should  not  be  below  1.25.  Glycerol  is  the  basis  of  the  manufacture  of  nitro- 
glycerol,  used  in  various  forms  of  blasting  agents,  such  as  **dualinef*  "dynamite,** 
**giafU  powder"  **  rend-rock,*'  etc.,  which  are  usually  composed  of  nitroglycerol  and 
6ome  porous  substance  in  powder  form. 

When  glycerol  is  saturated  with  easeous  HCl,  and  then  heated  for  several  hours 
to  ioo<*  C,  monochlor-  and  dichlorhydrines  are  formed. 

C,He(OH),  +  HCl  -  C,H,(OH),Cl  +  H,0. 
C,H,(OH),  +  2HCI  -  C,H,OHCl,  +  2H,0. 

Sulphuric  acid  combines  with  glycerol  to  form  glycerosulphuric 
acid.  Glacial  or  metaphosphoric  acid  forms  glycerophosphoric 
acid. 

C,H,(OH),OPOaH,. 

This  acid  is  one  of  the  decomposition  products  of  lecithin  and 
protagon,  two  complex  bodies  found  in  nerve-substance,  especially  of 
the  brain.  The  add  itself  has  been  found  in  the  brain,  nerves,  mus- 
cles, yolk  of  egg,  bile,  and  pus.  The  phosphorus  present  in  nerve- 
tissue  probably  exists  in  the  form  of  either  lecithin  or  protagon,  both 
of  which  contain  glycerophosphoric  add.  The  esters  of  glycerol  and 
organic  adds  will  be  referred  to  later.     (See  Neutral  Fats.) 

(NO, 

Glyceryl   Trinitrate.— CJI,  -{  NO,      When  -  glycerol  is  allowed 

(NO., 
to  flow  in  a  slow  stream  into  a  mixture  of  strong  nitric  and  sul- 
phuric adds,  kept  cold  by  a  freezing  mixture,  and  the  mixture 
afterward  thrown  into  a  large  quantity  of  cold  water,  there  sepa- 
rates out  a  heavy,  colorless,  poisonous,  oily  liquid — nitroglycerol 
(nitroglyerine).  It  crystallizes  at  — 20®  C.  ( — 4®  F.);  sp.  gr.,  1.6. 
When  inflamed  in  the  air,  it  bums  quietly  and  rapidly;  but  when 
ignited  by  percussion  or  quick  heating,  especially  in  a  confined  space, 
it  explodes  with  terrific  violence,  and  hence  is  much  used  in  blasting. 
In  order  to  make  this  explosive  agent  less  dangerous  to  handle,  it  is 
usually  mixed  with  some  inert  powder,  such  as  day,  diatomaceous 
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earthy  sawdust,  etc.,  and  is  then  sold  under  the  name  of  dynamite, 
dualine,  rend-rock,  and  giant  powder. 

^iritus  glycerylis  nitratis  (U.  S.  P.)  is  a  one  per  cent,  alcoholic 
solution  of  C^(NO Js,  and  is  used  as  a  heart-stimulant.  It  is  a  clear, 
colorless  liquid  having  the  odor  and  taste  of  alcohol. 

TETRATOMIC  AND  PENTATOMIC  ALCOHOLS. 

The  only  tetratomic  alcohol  of  sufficient  importance  to  be  mentioned  here  is 
erythrol  or  phydte,  C4H«(OH^4.  It  occurs  in  many  lichens  and  algs  in  combi- 
nation with  orsellic  add,  as  eiTtnnii. 

Pentatomic  alcohols  have  not  been  found  in  nature,  but  several  have  been 
prepared  by  the  reduction  of  certain  pentoses.    They  arc  of  scientific  interest  only. 

HEXATOMIC  ALCOHOLS. 

In  the  hexatomic  alcohols  the  six  hydroxyl  radicals  are  united  to 
six  different  carbon  atoms,  so  that  there  must  be  six  carbon  atoms 
in  the  nucleus.    This  class  of  alcohols  includes: 

lUimitol,  CH,(OH)«. 

Dulcitol,  CA(OH)^ 

Sorbitol,  C«H,(OH)«. 

Rhamno-hezitol,  C,Hm(OH)«. 

Haimitol,  Hannite. — ^This  is  the  sweet  principle  of  manna,  and 
is  found  widely  distributed  in  the  vegetable  kingdom.  It  occurs  in 
celery,  fungi,  and  seaweeds,  in  the  sap  of  the  larch,  the  exuded  sap 
of  the  apple,  cherry,  lime,  etc.,  and  the  exuded  sap  of  Fraonnus  amus, 
which  in  the  dried  state  forms  commercial  manna.  It  may  be  pre- 
pared artificially  by  acting  upon  grape-sugar  with  sodimn  amalgam 
(nascent  hydrogen),  or  by  the  so-odled  mucous  and  the  butyric  fer- 
mentations of  sugar. 

To  obtain  it  from  manna,  dissolve  this  in  half  its  weight  of  boiling 
water,  add  some  albumen  to  clarify,  and  filter  through  cloth.  On 
cooling,  the  mannite  separates  out  It  may  also  be  obtained  piu'e  by 
extracting  manna  with  hot  alcohol  and  crystallizing.  It  forms  fine, 
silky  needles  when  crystallized  from  alcohol,  but  large,  transparent, 
rhombic  prisms  from  the  aqueous  solution.  Mannitol  is  intensely 
sweet,  sparingly  soluble  in  cold,  readily  soluble  in  hot  water  and 
alcohol,  and  insoluble  in  ether.  It  can  readily  undergo  lactic  and 
butyric  fermentations,  but  not  alcoholic.  It  combines  with  many 
metallic  oxides,  and  also  forms  a  large  number  of  compound  ethers. 

Mild  oxidation  in  presence  of  platinum-black  produces  mannose, 
CJi^OipB)^  the  aldehyde  of  mannitol.  By  further  oxidation  it  forms 
mannonic  acid,  Cfi^{OK\CO .  OH,  and  manosaccharic  acid, 
CA(OH),{Cg;OH 
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Duldtol,  Dulcite. — This  isomeride  of  mannitol  is  found  in  dulcose,  or  dulcite 
manna,  a  crystalline  substance  from  Madagascar.  It  is  found  in  several  plants.  It 
has  been  prepared  from  milk-sugar,  by  treatment  with  sodium  amal^m.  The 
properties  of  dulcitol  resemble  those  of  mannitol. 

Sorbitol,  sorbite,  is  a  third  isomeride  of  mannitol  found  in  mountain-ash 
berries  and  in  the  plum,  cherry,  apple,  and  pear.  It  forms  small,  colorless  needles. 
It  has  been  prepared  synthetically  from  dextrose.  Rhamno-hezitol  has  been  pre- 
pared from  rham-nohexose,  C7Hi40e. 

Several  of  the  sugars  are  oxidation  products  of  these  hexatomic  alcohols.  The 
relations  of  these  alcohols  to  the  sugars  and  acids  are  as  follows: 

Alcohol.  Aldehyde.  Monobasic  AaD.  Dibasic  Aod. 

Mannitol,  Mannose,  Mannonic  Acid,  Manosaccharic  Acid. 

Dulcitol,  Galactose,  Galactonic  Acid,  Mucic  Acid. 

Sorbitol,  Dextrose,  Gluconic  Acid,  Saccharic  Acid. 

Levulose  is  the  ketone  of  mannitol. 

THE  CARBOHYDRATES,  OR  SACCHARIDS. 

Closely  allied  to  the  hexatomic  alcohols  is  a  class  of  important 
aldehyde  and  ketone  alcohols^  found  widely  distributed  in  the 
vegetable  kingdom,  known  as  the  carbohydrates.  They  contain, 
along  with  carbon,  oxygen  and  hydrogen,  usiially  in  the  proportion  to 
form  water.  In  rhamnose,  fucose  and  rhamno-hexose  the  oxygen  and 
hydrogen  are  not  in  the  proportion  to  form  water.  Many  of  them  have 
recently  been  formed  by  synthesis,  and  it  now  seems  likely  that  at  no 
distant  day  all  of  these  important  foodstuffs  may  be  artificially  pre- 
pared. The  number  of  carbon  atoms  entering  into  the  molecule  varies 
from  two  to  nine.  They  are  classified  into  monosaccharids,  disac- 
charids,  trisaccharids,  and  polysaccharids.  A  monosaccharid  is  a 
carbohydrate  that,  when  hydrolyzed  by  warming  with  dilute  acids, 
does  not  yield  any  other  sugar  or  sugars.  They  are  tiierefore  the  simplest 
of  the  sugars.  A  disaccharid  is  a  carbohydrate  or  saccharid  whose 
molecule,  when  hydrolyzed  with  dilute  acids,  splits  into  two  simpler 
molecules,  which  may  be  alike  or  different.  A  trisaccharid  molecule, 
under  similar  conditions,  splits  up  into  three  sugars,  or,  at  least,  into 
three  sugar  molecules. 

The  monosaccharids  or  simple  sugars  are  divided  into  smaller 
groups,  denoting  the  number  of  carbon  atoms  contained  in  their 
molecules,  into  bioses,  trioses,  tetroses,  pentoses,  hezoses,  heptoses, 
octoses,  and  nonoses,  according  as  they  contain  two,  three,  four,  five, 
six,  seven,  eight,  or  nine  atoms  of  carbon,  respectively,  in  their  molecules. 

CLASS  I.— MONOSACCHARIDS. 
Bioses. — Glycollic  aldehyde,  CjHiOj.     Formed  by  oxidation  of  glycol. 
Trioses. — Giycerose,  CaHLjO,.    Formed  by  the  oxidation  of  glycerol. 
Tetroses. — ^Erythrose,  C4Hg04.    Formed  by  the  oxidation  of  erythroL 
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Pento8e8.~Arabinose,  C,H,eOj;  xylose,  QHieO,;  ribose,  C,HioO»;  rhamnose 

or  isodulcite,  QUCCH^Oj;  fucose,  C,H,(CH),Oj,  etc. 
Hexoses. — In  this  group  are  two  subgroups — the  aldehydes,  or  aldoses,  and  the 

ketones,  or  ketoses. 
The  aldoses  include: 

Dextrose,  C^H^fi^  starch-sugar,  or  glucose. 

Maimose,  CiH^O^,  obtained  from  manna. 

Gulose,  a  S3mthetic  sugar. 

Galactose,  from  inversion  of  lactose. 

Talose,  a  S3mthetic  sugar. 

Rhanmo-hexose,  C|H|,(CH,)0«,  a  synthetic  sugar. 
The  ketoses  include: 

Levulose,  or  fructose,  from  invert  sugar. 

Acrose,  a  synthetic  sugar. 

Sorbinose,  from  mountain-ash  berries. 
Heptoses.—Maimo-heptose,  QHi^Ot,  obtained  from  mannose. 

Gluco-heptose,  C7H14O7,  obtained  from  glucose. 
Octoses. — Hanno-octose,  C^H„Og,  prepared  from  mannose. 

Gluco-octose,  QHnOg,  prepared  from  glucose. 
Konoses. — Manno-nonose,  CiHigO,,  prepared  from  mannose. 

Gluco-nonose,  C,H,gOt,  prepared  from  glucose. 

CLASS  II.— DISACCHARIDS. 

Tribioses,  CgH,oOt,  and  tetrabioses,  CgHj^Or,  are  unknown. 
Pentabioses,  CioH,sOt.— Arabinose. 

Hexabioses,  C,sH»0„.— Sucrose,  lactose,  maltose,  isomaltose,  trehalose 
(mycose),  melabiose  (eucalyn),  turanose. 

CLASS  III.— TRISACCHARIDS. 
Hexatrioses.- Raffinose,  or  meletiiose,  C,gHg,0,g. 
Melezitose,  CuHsOm. 

CLASS  IV.— POLYSACCHARIDS. 

Under  this  class  are  grouped  a  number  of  carbohydrates  of  vegetable  ori^  whose 
molecular  formulae  have  not  been  determined.  Some  of  them  are  crystallizable,  as 
gentianose,  found  in  gentian  root,  and  lactosin  found  in  soap-bark,  while  others 
are  non-crystallizable.  To  this  latter  group  belong  the  starches,  the  dextrins,  and 
the  celluloses. 

MONOSACCHARIDS. 

These  compounds  are  neutral,  colorless,  odorless,  and  sweet-tasting 
bodies,  easily  soluble  in  water,  insoluble  in  ether,  and  soluble  with 
difficulty  in  alcohol. 

Being  either  aldehydes  or  ketones,  they  are  easily  oxidized,  and 
therefore  their  alkaUne  solutions  readily  reduce  certain  metallic  salts. 
The  most  characteristic  reduction  is  afforded  by  the  copper  salts,  and 
a  solution  of  copper  tartrate  in  sodium  or  potassium  hydroxide,  known 
as  Fehling's  solutioiiy  is  used  as  a  test-fluid  for  this  ckss  of  bodies. 
Many  of  them  reduce  the  acetate  of  copper  in  a  slightly  acidulated 
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acetic  add  solution,  known  as  Barfoed's  reagent.*  The  trioses, 
hexoses,  and  nonoses  readily  undergo  alcoholic  fermentation,  while 
the  pentoses,  heptoses,  and  octoses  do  not. 

All  the  monosaccharids  give  characteristic  crystalline  precipitates 
known  as  osazoneSy  when  their  solutions,  slightly  acidified  with  acetic 
acid,  are  heated  with  phenyl-hydrazin,  C^H^^^  .  NH,.  By  this  means 
they  may  be  separated  from  the  other  classes  and  from  one  another, 
and  may  be  identified.  A  number  of  these  compounds  are  optically 
active,  and  may  be  estimated  by  the  polariscope. 

The  trioses  and  tetroses  are  not  of  sufficient  importance  to 
merit  more  than  a  mere  mention. 

The  Pentoses.— The  pentoses  are  sugars  having  the  formula 
QHioO(,  foimd  in  many  plants  and  animals,  and  occasionally  in  the 
mine.  A  pentose  has  been  obtained  as  a  decomposition  product  of 
nuclein  from  pancieas  and  from  yeast  The  use  of  certain  fruits,  such 
as  pears,  which  contain  polyoseSy  called  pentosans,  is  followed  by 
the  appearance  of  pentose  in  the  mine.  The  luinary  pentose  has 
been  named  i-arabinose.  It  has  been  obtained  as  a  decomposition 
product  of  several  nucleo-proteids.  The  pentoses,  when  distilled  with 
dilute  hydrochloric  add,  yield  furfuraldehyde,  orfurfuroly  QHjOCHO, 
which  gives  a  deep  red  color  with  phlorogludnol.  This  reaction  is 
used  to  detect  them.  The  pentoses  reduce  Fehling's  solution,  but 
do  not  ferment  with  yeast  The  pentoses  are  not  assimilable,  and 
when  foods  containing  xylose  or  arabinose,  or  beer,  are  taken,  pentoses 
appear  in  the  urine,  and  may  be  mistaken  for  dextrose. 

The  prindpal  pentoses  are:  arabinose,  CHjOH(CHOH)aCHO, 
prepared  by  boiling  gum  arable,  cherry-tree  gum,  and  some  other 
gums  with  dilute  E^O^;  xylose,  from  wood-gum,  str^w,  bran,  the 
^ells  of  apricot-stones,  and  jute;  ribose,  rhamnose,  and  fucose. 

Detection. — i.  To  the  suspected  liquid  add  an  equal  volume  of  concentrated 
HCl,  or,  if  a  solid,  treat  with  the  same  add,  and  then  add  a  fragment  of  orcin  or 
phlorogludn,  and  heat.  In  the  presence  of  pentoses  the  solution  assumes  a  reddish- 
violet  color.    The  same  color  is  also  given  by  givcuronic  add,  found  in  urine. 

a.  A  better  test  is  the  following:  Prepare  tne  reagent  as  follows:  To  500  c.c.  of 
a  thirty  per  cent.  HCl,  add  i  gram  of  ordn,  and  25  drops  of  liq.  ferri  chloridi 
(U.  S.  P.).  Boil  4  to  5  C.C.  of  the  reagent  in  a  test-tube  and  add  while  hot  about 
I  C.c.  of  the  suspected  liquid.  The  presence  of  pentose  gives  a  distinct  green  color. 
Glucose  and  glycuronic  add  do  not  give  this  reaction. 

*  Barfoed's  reagent  is  composed  of  z  part  of  copper  acetate  in  i  c  parts  of  watei^ 
To  aoo  c.c.  of  this  solution  5  c.c.  of  acetic  add  containing  thirty-eight  per  cent,  of 
absolute  add  is  added. 


IHE  CARBOHYDRATES,  OR  SACCHARID8.  329 

THEHEXOSBS. 

The  hexoses  are  either  aldehydes  or  ketons  of  the  hexatomic 
alcohols;  hence,  are  oxidation  products  of  these  alcohols.  The  rela- 
tion of  these  compounds  has  been  given  under  the  hexatomic  alcohols. 
The  aldehydes  are  called  aldoses  and  the  ketones  are  called  ketoses. 
By  treatment  with  nascent  hydrogen,  the  aldoses  and  ketoses  are 
converted  into  the  corresponding  hexatomic  alcohols.  The  following 
graphic  formulae  show  the  relation  between  the  alcohols  and  these 
sugars: 

liamiitol  (Alcohol).  d-GhiooM  (Aldehyde).  Leruloee  (Ketone). 

HjCOH  O-C-H  HjCOH 

Boia  ■      HOJM  o-i 

HOCH  HOCH  HOCH 

HCOH  HCOH          HCOH 

HCOH  HCOH            COH 

H,COH  H,COH          H,COH 

The  AldehTde  Group. 

Dextrose,  d-Glucose,  Grape-sugar.— QHi^O^  This  sugar  is 
widely  diffused  through  the  vegetable  kingdom,  occurring  in  grapes, 
honey,  in  most  sweet  fruits,  sprouting  grains,  etc.,  usually  mix^  with 
an  equal  amoimt  of  levulose.  It  occurs  in  small  quantity  in  the 
bkx)d,  yolk  of  eggs,  and  in  larger  quantity  in  diabetic  urine.  It  is 
mantdfactured  on  a  large  scale  fiom  corn-starch,  by  boiling  with  dilute 
sulphuric  add,  neutralizing  with  lime,  drawing  off  the  clear  syrup 
after  settling,  and  evaporating  it  down  to  a  thick  syrup  and  allowing 
it  to  crystalUze.  Dextrose  is  less  sweet  than  cane-sugar,  2}  parts  of 
the  former  giving  the  sweetening  power  of  i  part  of  3ie  latter.  It  is 
sometimes  used  to  adulterate  the  light  brown  varieties  of  cane-sugar. 
When  present  in  considerable  quantity  (five  per  cent.),  it  may  often 
be  detected  by  its  property  of  mashing  between  the  teeth  instead  of 
crushing  like  cane-sugar.  Dextrose  crystallizes  with  some  difficulty, 
and,  as  usually  met  with  in  the  market,  it  does  not  present  to  the  naked 
eye  a  distinct  crystalline  appearance.  It  easily  undergoes  oxidation, 
espedaUy  in  alkaline  solutions,  and  thus  acts  as  a  reducing  agent. 

It  r^ulily  reduces  silver,  copper,  bismuth,  and  mercury  salts  in 
hot  alkaline  solutions.  Silver,  if  ammonia  be  present,  is  reduced  to 
the  metallic  state  and  deposited  as  a  brilliant  mirror  on  the  surface 
of  the  vessd  in  whidi  it  is  heated. 
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The  ordinary  methods  of  detection  and  estimation  of  dextrose 
depend  upon  its  reducing  power.  Fehling's  solution,  which  is  in 
common  use  both  as  a  qualitative  and  quantitative  test  for  dextrose, 
is  a  solution  of  34.64  gm.  of  pure  crystallized  copper  sulphate,  173 
gm.  of  Rochelle  salt,  and  80  gm.  of  sodium  hydroxide  in  a  liter  of 
distiUed  water.  Ten  c.c.  of  this  solution  is  exactly  reduced  and  de- 
colorized by  50  milligrams  of  dextrose.  For  qiialitative  detection, 
alkaline  solutions  of  copper,  bismuth,  indigo-carmine,  picric  add,  or 
silver  may  be  used.  Dextrose  is  used  in  large  quantities  in  making 
beer. 

Dextrose  readily  forms  compounds  with  metallic  oxides  and  with 
many  salts.  When  heated,  many  of  these  compounds — more  particu- 
larly those  of  copper,  bismuth,  and  mercury— are  reduced,  yielding  a 
precipitate  of  either  the  metal  or  its  oxide. 

Dextrose  readily  undergoes  alcoholic,  lactic,  and  butyric  fermenta- 
tions. When  it  is  mixed  with  findy  divided  gastric  memixane,  it  is 
rapidly  changed  into  lactic  add.  There  is  some  evidence  of  ^  ex- 
istence of  unorganized  ferments  in  the  stomach,  which  can  convert 
lactose  and  dextrose  into  lactic  add,  and  this  is  probably  the  origin 
of  a  part  of  the  lactic  add  found  in  the  gastric  contents  during  die 
digestion  of  dextrose.  It  is  an  assimilable  sugar,  though  not  so  r^ulily 
so  as  levulose.  When  injected  into  the  circulation  of  a  dog,  the 
greater  part  of  it  passes  undianged  into  the  urine. 

There  are  three  isomeric  glucoses  known,  differing  slightly  in  physical  proper- 
ties.   They  are  known  as  d-glucose,  b-glucose,  and  i-glucose. 

Phenyl-glucosazone. — CJi^fi^ .  (CoHgN^),  This  compound,  produced  by 
dextrose  with  phenyl -hydrazin,  occurs  in  yellow  needles.  It  is  prepared  under  the 
conditions  mentioned  under  lactose,  for  the  preparation  of  phenyl-lactosazone. 
The  formation  of  these  crystals  is  employed  as  a  test  for  glucose  in  urine.  To  50 
c.c.  of  the  suspected  urine  add  i  or  2  gm.  of  phenyl -hydrazin  hydrochlorate,  a  gm. 
sodium  acetate,  and  heat  on  a  water-bath  for  a  half  hour;  or  add  10  to  ao  drops  of 
pure  phenyl-hvdrazin  and  an  equal  number  of  drops  of  fifty  per  cent,  acetic  add, 
and  warm  as  before.  On  cooling,  if  not  before,  the  glucosazone  separates  out  as 
yellow,  crystalline  needles.    This  test  will  detect  0.5  gm.  of  glucose  per  liter. 

Galactose,  or  cerebrose,  QHuO^,  is  formed,  together  with  dex- 
trose, when  lactose  and  a  number  of  other  carbohydrates,  espedally 
gums  and  mudlages,  are  hydrolyzed  by  boiling  with  dilute  mineral 
adds.  It  is  also  formed  by  the  decomposition  of  the  glucoside  cere- 
brin,  found  in  the  brain.  Galactose  is  soluble  in  absolute  alcohol, 
while  dextrose  is  not.  In  reactions  and  behavior,  galactose  resembles 
dextrose,  but  has  a  considerably  greater  rotatory  power.  Galactose 
is  fermentable  with  yeast,  but  less  readily  than  dextrose.  It  is  the 
aldehyde  of  duldtose. 

d,  C,Hi,Oe,  is  obtained  by  the  careful  oxidation  of  mannite,  and  by 


THE  CARBOHYDRATES^   OR  SACCHARIDS.  33 1 

the  hydrolysb  of  many  natural  carbohydrates,  especially  the  celluloee  from  palm- 
nuts,  vegetable-ivory  nuts,  etc.,  by  heating  them  with  dilute  H^O^.  It  is  a  hard, 
friable  powder,  easily  soluble  in  water  and  fermentable  with  yeast 

The  Ketone  Group. 

Levulose,  l-Fructose,  Fruit  Sugar.— CeHjjOe.  This  sugar 
occurs  mixed  with  d-glucose  in  the  natiural  sources  of  that  sugar,  men- 
tioned above.  It  is  obtained  with  dextrose  in  invert-sugar,  prepared 
by  heating  cane-sugar  with  dilute  adds.  It  differs  from  dextrose  in 
being  less  fermentable  and  in  its  rotatory  power,  which  is  left-handed 
inst^  of  right-handed;  the  other  differences  are  of  minor  importance, 
except  sweetening  power,  which  is  greater  in  this  sugar  than  in 
grape-sugar. 

Levuk>se  is  easily  assimilated  when  pure,  and  is  completely  and 
easily  burned  in  the  body.  Its  use  does  not  increase  the  sugar  in  the 
urine  of  diabetics.  It  has  been  recently  introduced  as  a  sweetening 
agent  for  diabetics,  under  the  name  of  diabetin.  It  yields  a  com- 
pound with  phenyl-hydrazin,  identical  with  that  derived  horn  dextrose. 
It  forms  a  compound  with  calcium  hydroxide,  which,  imlike  that 
jdekied  by  dextrose,  is  extremely  insoluble,  and  may  be  employed  for 
the  separation  of  these  two  sugars. 

There  are  three  fructoses  known,  similar  to  the  three  glucoses,  one  of  which  is 
sometimes  known  as  a-acrote. 

Acroee.  C^Hi^Oe,  is  a  synthetical  sugar  obtained  by  Emil  Fischer  from  aero- 
kin,  CH, .  CH .  COH,  an  aldehyde  obtained  by  superheating  fats  or  elycerin.  It  is 
interesting  from  the  fact  that  from  it  mannose,  dextrose,  and  levuTose  have  been 
artificially  prepared. 

Inonte,  CeH|,0«.  2H,0  -  (CHOH),.  H,0,  is  optically  inactive  and  does  not 
react  with  phenyl-hydrazin.  It  occurs  sparingly  in  the  human  body.  It  has  been 
found  in  the  heart,  muscles,  in  diabetic  urine,  and  in  that  of  Bright's  disease.  It 
has  also  been  found  in  the  lungs,  kidneys,  spleen,  liver,  and  brain.  It  occurs  in 
abundance  in  the  vegetable  kingdom,  especially  in  unripe  beans,  from  which  it  may 
be  convenientlv  prepared.  Its  sweet  taste  is  its  only  resemblance  to  the  sugars.  It 
is  now  believed  to  be  a  derivative  of  benzene. 

Pure  inosite  forms  large,  efflorescent,  rhombic  tables,  or  occurs  in  tufted  lumps 
of  fine  crystals.  It  is  readUly  soluble  in  water,  slightly  so  in  dilute  alcohol,  and  in- 
soluble in  strong  alcohol  and  ether. 

Sorbinoee,  or  sorbin,  C«Hi,Oq,  is  found  in  ripe  mountain-ash  berries.  It  is 
not  fermenuble.  It  is  very  sweet,  and  easily  soluble  in  water.  It  crystallizes  in 
hard,  rhombic  crystab. 

DISACCHARIDS. 

These  sugars  form  an  important  class  of  bodies.  They  are  all 
capable  of  hydrolysis  by  dilute  adds  and  certain  ferments,  yielding 
monosaccharids. 

This  process  is  called  inversion.  Cane-sugar,  when  inverted,  gives 
dextrose  and  levulose,  lactose  gives  dextrose  and  s:alactose,  and  maltose 
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gives  dextrose  only.  Cane-sugar  and  lactose  are  not  fermentable,  while 
maltose  is.  Cane-sugar  does  not  reduce  Fehling's  solution,  while  the 
others  do. 

None  of  these  sugars,  when  pure,  reduce  Barfoed's  reagent. 

Cane-sugar,  Saccharose,  Sucrose,  Saccharum  (U.  S.  P.,  Br.}. 
— Cane-sugar  occurs  in  the  juices  of  many  plants,  in  most  sweet  fruits, 
in  the  nectar  of  flowers,  and  in  honey.  It  is  found  in  large  quantity 
in  the  juice  of  the  sugar-cane  (Saccharum  ojficinarum),  in  sorghum 
(Sorgo  saccharaium),  in  beet-root,  sugar-maple,  and  in  several  species 
of  palm.  It  has  also  been  prepared  synthetically  by  combining  dex- 
trose and  levulose. 

Sugar  is  obtained  principally  from  sugar-cane,  beet-root,  sorghum, 
and  the  maple,  while  some  attempts  have  been  made  to  obtain  it  from 
the  common  maize. 

Ifamtfactara. — ^The  juice  of  the  sugar-cane  is  expressed  by  passing  the  stalks 
between  steel  rollers.  This  juice  b  then  mixed  with  milk  of  lime  and  heated 
to  boiling  to  precipitate  the  coagulable  materials,  phosphates,  etc.  These  are  re- 
moved and  the  clear  liquid  is  treated  with  CO,  to  remove  the  lime,  and  then  it  is 
evaporated  in  vacuum  pans  under  a  reduced  pressure,  to  a  thick  syrup,  and  then 
left  to  crystallize.  The  "raw  sugar"  thus  obtained  is  drained  from  the  "mother- 
liquor,"  which  is  further  evaporated  and  again  left  to  crystallize.  There  is  finally 
left  a  thick,  brown  liquid,  called  molasses  or  treacle,  containing  unciystallizable 
sugar.  In  the  manufacture  of  sugar  from  sugar  beets,  which  has  in  recent  years 
become  an  enormous  industry,  the  beets  are  washed  and  cut  into  thin  slices  or  a 
pulp.  This  pulp  is  put  into  a  series  or  "batteiy "  of  large  iron  tanks  so  connected 
oy  pipes  that  water  may  be  run  in  a  slow  stream  from  one  end  of  the  batteiy  to  the 
other.  The  sugar  is  thus  extracted  by  diffusion.  The  sugar  solution  running  from 
the  last  tank  of  the  batteiy  is  then  treated  in  much  the  same  manner  as  Uie  ex- 
pressed juice  of  the  cane. 

The  raw  sugar  is  refined  by  dissolving  it  in  water,  adding  lime,  and  filtering 
through  Uiick  layers  of  bone-charcoal  to  remove  the  color.  It  is  then  evaporated 
in  vacuum  pans  and  allowed  to  crystallize. 

Properties. — Pure  cane-sugar,  when  allowed  to  crystallize  slowly 
from  a  concentrated  solution,  without  agitation,  forms  large,  trans- 
parent, monoclinic  prisms,  such  as  are  seen  in  rock-candy.  It  is  solu- 
ble in  one-third  its  weight  of  cold  and  in  all  proportions  of  hot  water. 
It  is  sh'ghtly  soluble  in  weak,  but  almost  insoluble  in  absolute  alcohoL 
It  melts  at  i6o^  C.  (320^  F.),  and  solidifies,  on  cooling,  to  an  opaque, 
crystalline  mass,  called  "barley-sugar." 

The  rotatory  power  of  sucrose,  in  solution,  is  taken  advantage  of 
for  its  quantitative  determination. 

When  cane-sugar  is  boiled  with  dilute  sulphuric  add,  it  takes  up 
water,  and  is  converted  into  a  mixture  of  dextrose  and  levulose,  called 
invert-sugar. 

CijHaOu  +  H,0  -  C.H„Oe  -i-  QH^O,. 
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The  same  change  takes  place  under  the  influence  of  yeast,  or  of  the 
soluble  ferment,  invertin,  contained  in  it.  When  heated  above  its 
melting  point  it  gives  off  water,  turns  dark,  and  forms  a  bitter,  brown, 
amorphous  substance  called  caramely  or  burnt  sugar.  A  coloring 
substance  called  caramel  brown,  or  8ucr€  couleur,  is  made  from 
sugar  partly  decomposed  by  heat.  This  is  used  for  coloring  leather, 
rum,  whisky,  beer,  wine,  etc  It  is  generally,  however,  made  from 
glucose.  At  a  higher  temperature  sugar  continues  to  lose  water,  de- 
composes, and  gives  off  inflammable  gases,  consisting  of  marsh-gas 
and  carbon  monoxide  and  dioxide.  At  a  higher  temperature  a  distil- 
late is  obtained,  containing  aldehyde,  acetic  add,  acetone,  etc.  Strong 
sulphuric  add  chars  sugar,  leaving  a  black,  voluminous  mass.  Dilute 
nitric  add  oxidizes  cane-sugar  to  saccharic  acid,  then  into  tartaric, 
and,  Anally,  oxalic  add.  A  mixture  of  concentrated  nitric  and  sul- 
phuric adds  forms  with  sugar  a  nitrate,  C|2H]30||(N03)4,  which  is 
amorphous  and  very  expbsive.  On  heating  sugar  with  sulphiuic  add 
and  manganic  oxide,  a  large  quantity  of  formic  add  is  formed.  Cane- 
sugar  forms  a  series  of  metallic  compounds  called  sucrates  or  sac- 
charates.  An  aqueous  solution  of  sugar  will  dissolve  caldiun, 
bariiun,  magnesium,  and  lead  oxides,  and,  with  an  alkali,  copper  and 
ferric  oxides  also.    The  barium  salt  crystallizes  well. 

When  cane-sugar  is  injected  into  die  blood-vessels  of  an  animal,  it 
is  eliminated  in  an  unaltered  condition,  and  is  thus  shown  to  be  un- 
assimilated.  It  may  be  introduced  in  large  amounts  by  the  alimentary 
canal,  and  none  of  it  appears  in  the  urine.  From  this  it  appears  that 
it  undergoes  a  change  during  or  before  absorption.  This  change  is 
the  result  of  the  action  of  soluble  ferments  appearing  in  the  small 
intestine.  Cane-sugar  readily  undergoes  lactic  fermentation  in  the 
presence  of  sour  milk,  to  which  zinc  oxide  is  added  for  the  fixation 
of  the  add.  It  does  not  form  a  compound  with  phenyl-hydrazin,  and 
by  this  test  it  may  be  distinguished  from  the  other  sugars. 

Lactose,  Milk-sugar,  Saccharum  Lactis  (U.  S.  P.,  Br.). — Ci,- 
HsO|i .  H^O.  This  is  an  important  ingredient  of  the  nulk  of  mammals, 
and  is  prepared  prindpally  from  cows*  milk,  by  evaporating  the  whey 
after  removing  the  curd  for  the  manufacture  of  cheese.  Cows'  milk, 
contains  about  4.5  to  4.9  per  cent,  of  sugar,  while  woman's  milk  con- 
tains from  6  to  7  per  cent.  It  crystallizes  in  large,  hard  prisms,  has 
a  feebly  sweet  taste,  and  is  soluble  in  6  parts  of  cold  water.  Yeast  does 
not  ferment  it.  Lactic  and  butyric  fermentations  take  place  readily. 
Oxidizing  agents  yield  mudc  and  saccharic  acids.  Like  cane-sugar, 
it  forms  compounds  with  metallic  oxides,  and  reduces  alkaline  copper 
solutions. 

Ten  cc.  of  Fehling's  fluid,  which  is  reduced  by  50  milligrams  of 
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glucose,  is  reduced  by  6.7  milligrams  of  lactose.  It  does  not  reduce 
Barfoed's  reagent.  When  boiled  with  dilute  mineral  acids  it  yields 
equal  molecules  of  dextrose  and  galactose,  which  are  fermentable. 

Pure  lactose  is  not  affected  by  yeast.  Milk  is  capable  of  alcohoh'c 
fermentation  under  the  influence  of  certain  ferments.  This  has  been 
employed  from  the  earliest  times  by  the  inhabitants  of  Russia  and 
Asia  Minor  in  the  preparation  of  koumiss  and  kefyr  from  mares' 
milk.  In  recent  years  these  fluids  have  attracted  much  attention  for 
their  supposed  therapeutic  virtues.  Very  little  is  known  of  the  real 
nature  of  the  changes  which  occur  in  this  fermentation.  Kefyr  fer- 
ment is  a  commercial  article  in  Russia,  Austria,  and  even  in  this  coun- 
try. Lactose,  when  injected  into  the  blood-vessels,  appears  unaltered 
in  the  luine.  It  also  sometimes  appears  in  the  urine  in  the  early  months 
of  lactation  or  during  reabsorption  of  milk,  after  weaning.  It  is,  there- 
fore, non-assimilable.  But  when  taken  in  the  alimentary  canal  it  is 
perfectly  assimilated.  It  has  not  been  observed  to  undergo  any  change 
in  the  alimentary  canal  under  the  action  of  any  of  the  secretions.  Hence, 
the  change  probably  takes  place  during  absorption  through  the  intes- 
tinal walls,  as  in  the  case  of  maltose.  When  administered  in  large 
doses  lactose  acts  as  an  active  diuretic.  Milk  loses  this  diuretic  effect 
on  being  boiled.  Lactose  forms  phenyl-lactosazone  with  phenyl- 
hydrazin. 

Maltose,  Malt-sugar. — CjjHajOu  .  H^O.  This  sugar  is  formed 
by  the  action  of  malt-diastase  upon  starch.  It  may  also  be  formed 
by  the  action  of  dilute  acids  upon  starch-paste,  but  in  this  case  the 
maltose  is  itself  converted  into  dextrose.  It  has  also  been  produced 
synthetically.  This  is  the  chief  sugar  formed  by  the  action  of  saliva 
and  pancreatic  juice  upon  star(!h-paste  or  glycogen,  being  accompanied, 
in  the  case  of  pancreatic  digestion,  by  a  variable  but  distinct  amount 
of  dextrose.  Maltose  is  very  soluble  in  water.  It  is  also  soluble  in 
alcohol,  but  less  so  than  dextrose.  It  crystallizes,  with  difficulty,  in 
fine  needles.  It  is  not  easy  to  distinguish  from  glucose  by  qualitative 
tests.  Its  rotatory  power  is  -h  140,  while  that  of  dextrose  is  52.5  under 
the  same  conditions.  With  Fehling's  solution,  the  amount  of  Cu^O 
which  separates  is  only  about  two-thirds  of  that  which  would  be  re- 
duced by  an  equal  weight  of  dextrose,  or  6.6  parts  of  dextrose  reduce 
as  much  copper  as  10  parts  of  maltose.  Barfoed's  reagent  is  not 
reduced  by  maltose,  while  it  is  by  dextrose.  In  this  respect  mal- 
tose resembles  lactose,  and  this  test  serves  to  distinguish  it  from 
dextrose. 

Maltose  forms  with  phenyl-hydrazin,  in  the  presence  of  acetic 
add,  phenyl-maltosazone,  Cul4>09(CeH5N2H)j.  If  maltose  be  in- 
jected into  the  blood-vessels  it  appears  unaltered  w  the  urine.    To 
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be   assimilable   it   must,   therefore^    be   changed   before   or   during 
absorption. 

IflO-maltOMy  CuH^On,  is  formed,  along  with  maltoee,  by  the  action  of  diastase 
upon  starch,  and  by  Uie  prolonged  action  of  strong  hydrochloric  acid  upon  dextrose. 

It  is  found  in  commercial  glucose  and  in  malt  beverages.  It  undergoes  fermen- 
tation with  difficulty.     It  is  intensely  sweet 


TRISACCHARIDS. 

RajQfinoM  (melitose),  CuHbOm  •  SH^O,  is  found  in  beet-root  molasses,  in  cotton 
seed,  and  in  several  other  vegetables.  It  does  not  reduce  Fehling's  solution,  and  is 
dextro-rotatory  (A)d  —  104.5®.  It  is  hydrolyzed  by  adds  first  into  glucose  and 
melibiose.  The  latter  is  then  changed  into  glucose  and  galactose.  It  is  partially 
fermented  by  yeast 

THE  POLTSACCHARIDS. 

To  this  group  belong  a  large  number  of  carbohydrates  of  high 
molecular  weight,  generally  insoluble  in  cold  water,  not  diffusible, 
and  by  hydrolysis  with  adds  split  up  into  dextrins,  disaccharids,  and 
finally  monosiaccharids.  The  molecular  weights  are  not  definitely 
known,  but  by  applying  Raoult's  method  (p.  309)  Brown  and  Morris 
found  the  probable  molecular  weight  of  dextrin  to  be  (QH|oO,)i2, 
and  that  of  soluble  starch  (QHjoOJjo.  By  the  same  mefliod  that 
of  glycogen  is  (Cfi^oO^io- 

The  principal  subgroups  of  the  polysaccharids  are  the  starch 
group,  the  cellulose  group,  and  the  gum  group. 

The  starch  group  includes  starch,  inulin,  lichenin,  and  gly- 
cogen. 

The  cellulose  group  includes  cellulose,  the  hemicelluloses,  and 
tunicin. 

The  gum  group  includes  the  dextrins,  the  vegetable  gums  and 
mucilages,  and  animal  gums. 

Th^  Starth  Group. 

Starch,  Amylum  (U.  S.  P.).— (QHipOj)..  This  body  is  found 
in  nearly  all  plants.  It  is  most  abundant  in  the  cereals,  rice,  potatoes, 
and  the  seeds  of  plants.  Starch  occurs  in  the  form  of  microscopical 
granules  inclosed  in  the  cells  of  the  plant  where  they  occur,  very 
much  as  fat  occurs  in  adipose  tissue.  The  granules,  examined  under 
the  microscope,  are  seen  to  be  possessed  of  a  distinct  organized 
structure,  which  is  different  in  each  difiFerent  kind  of  starch.  They 
show,  under  the  microscope,  several  concentric  markings,  arranged 
around  a  nucleus,  or  hilum,  which  is  situated  nearer  one  edge.    The 
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I.  Potato  Starch  4-  St.  Vincent  Arrowroot  ?•  Rk)  Arrowroot 

a.  Bermuda  Arrowroot  5.  Sago  of  Commerce  8.  Tapioca 

1.  Tous  les  Mois  6.  Port  Natal  Arrowroot  9.  Maiat 
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sizes  and  markings  of  the  starches  from  the  various*  sources  vary 
sufficiently  to  admit  of  identification.  This  is  an  important  fact  in 
the  detection  of  adulterations  in  food  and  drugs.  The  appearance  of 
a  number  of  the  starches  of  the  market,  as  seen  imder  the  microscope, 
are  shown  by  the  plate  on  page  336. 

Starch  is  prepared  by  gnnding  the  grain  or  vegetable,  and  then 
suspending  it  in  water,  or  spreading  it  on  a  sieve  and  running  water 
upon  it.  By  this  means  the  starch-granules  are  washed  out  of  the 
cells  and  remain  su^)ended  in  the  water.  This  milky-looking  Uquid 
is  allowed  to^settle,  when  the  starch  falls  to  the  bottom.  This  sedi- 
ment is  taken  out,  dried,  and  sent  into  the  market.  Amyliun  (U.  S.  P.) 
is  corn-starch. 

Wheat-starch  is  often  prepared  by  suspending  the  flour  in  water 
and  allowing  it  to  stand  imtU  the  gluten  is  dissolved  by  putrefactive 
fermentation,  when  the  starch  may  be  washed  and  dried. 

Starch  is  insoluble  in  cold  water,  alcohol,  and  ether.  Heated 
with  water  to  a  little  above  60®  C.  (140*=*  F.),  the  contents  of  the 
granules  swdl  up,  burst  the  envelopes,  and  escape  into  the  water.  It 
appears  at  first  as  a  very  fine  powder,  but  afterward  disappears  and 
forms  an  apparent  solution,  which,  if  concentrated,  forms  a  jelly-like 
mass  on  cooling,  called  starch-paste.  On  long-continued  boiling, 
starch  becomes  soluble  dextrin.  The  same  change  is  produced  by  a 
dry  heat  of  100*^  C.  (212®  F.),  by  diastase,  or  by  dilute  sulphiuic  add. 
^th  diastase  it  soon  passes  into  the  form  of  dextrin  and  maltose.  It 
forms  metallic  compoimds  with  lead,  calcium,  and  barium  oxides. 
Soluble  starch  is  precipitated  by  alcohol  and  by  solutions  of  subacetate 
of  lead. 

Starch  dissolves  in  cold,  concentrated  nitric  acid;  on  the  addition 
of  water,  zyloidin,  a  white  powder,  separates.  The  most  character- 
istic reaction  of  starch  is  the  dark  blue  color  it  forms  with  free  iodine. 
This  blue  iodide  of  starch  is  easily  decomposed,  and  dissociates  when 
the  solution  is  heated,  but  reforms  on  cooling. 

Glycogen. — (Cfi^fi^^,  This  substance  resembles  starch,  and 
occurs  in  the  liver  of  man  and  other  animals,  in  the  embryo,  yolk  of 
egg,  and  some  moUusks.  It  dissolves  in  cold  water  to  an  opalescent 
solution,  but  is  insoluble  in  alcohol  and  ether.  In  many  of  its  prop- 
erties it  resembles  dextrin.  Its  solutions  are  dextrogyrate.  A  diet 
rich  in  starch,  sugar,  inulin,  glycerol,  albimiin  of  egg,  fibrin,  and  casein 
causes  an  increase  of  glycogen  in  the  liver;  while  inosite,  quercite, 
mannite,  gums,  and  fats  do  not.  Violent  exercise,  prolonged  starva- 
tion, or  fevers  decrease  the  glycogen.  Glycogen  of  the  liver  is 
readily  changed  to  acroodextrin,  maltose,  and  dextrose  either  by  a 
peculiar  diastasic  ferment  found  in  the  liver,  or  by  the  liver-ceUs. 
as 
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Iodine  gives  a  reddish-brown  color  with  both  dextrins  and  glycogen; 
but  the  color  returns,  with  the  latter,  after  discharging  it  with  heat 

Glycogen  may  be  prepared  from  the  liver  of  an  animal,  previously  fed  with 
copious  incBh  of  carbcmydrates,  by  cutting  it  in  small  pieces  and  throwing  them 
into  an  excess  of  boiling  water,  using  about  400  ex.  to  500  cc.  for  100  gm.  of  the 
liver.  After  boiling  for  a  short  time,  the  pieces  axe  removed  and  ground  in  a  mortar 
to  a  fine  powder,  mixed  with  sand  or  powdered  glass,  and  boiled  again  for  some 
time.  The  fluid  is  rapidly  cooled,  and  the  proteios  precipitated  with  double  iodide 
of  mercury  and  potassium  with  acetic  add.  The  sohition  is  filtered,  and  the  gly- 
cogen precipitated  by  the  addition  of  two  volumes  of  strong  alcohol,  when  it  may  be 
separated  by  filtration  and  washing  with  absolute  alcohol  and  eUier.  Glycogen, 
when  pure,  is  an  amorphous,  white  powder,  readily  soluble  in  water. 

The  CellttloM  Group. 

Celittlose. — (CJI10O5}..  This  forms  the  principal  part  of  the  solid 
framework  of  plants.  The  pure  substance  may  be  prepared  by  treat- 
ing raw  cotton  or  linen  fiber  with  potassium  hydroxide,  adds,  and 
ether,  to  remove  foreign  matters.  It  is  a  white  solid,  exhibiting  the 
structure  of  the  fiber  from  which  it  is  obtained.  It  is  slightly  solu- 
ble in  a  solution  of  cupric  hydroxide  in  anunonium  hydroxide.  On  the 
addition  of  an  acid  to  Uiis  solution  it  is  precipitated  as  a  white,  amor- 
phous mass.  Cellulose  is  insoluble  in  water,  alcohol,  ether,  and  all 
ordinary  solvents.  Strong  sulphuric  add  dissolves  it,  and  on  diluting 
with  water  white  flakes  separate.  When  boiled  with  dilute  sulphuric 
add|  it  is  slowly  converted  into  dextrin  and  dextrose,  and  sometimes 
into  mannose. 

When  cotton-wool  is  steeped  in  a  cold  mixture  of  i  part  of  strong 
nitric  and  3  parts  of  sulphuric  acid  for  a  few  minutes,  squeezed  as  dry 
as  possible,  placed  in  fresh  acid  for  forty-eight  hours,  then  pressed 
dry,  and  finally  washed  thorou^ly  in  water,  then  in  a  weak  solution 
of  sodium  carbonate,  it  possesses  great  explosive  properties,  and  is 
called  gun-cotton,  C^ifi^(^0^^.  The  appearance  and  physical 
properties  of  the  cotton  remain  unchanged,  but  it  becomes  a  nitrate 
of  cellulose,  the  composition  varying  with  the  mode  of  preparation. 
It  is  used  for  charging  torpedoes  and  submarine  mines.  It  is  the 
basis  of  one  of  the  best  of  the  smokeless  powders,  indurite. 

It  is  also  used  in  the  manufacture  of  artificial  silk. 

For  this  purpose  it  is  dissolved  in  a  mixture  of  alcohol  and  ether  and  then 
pressed  through  fine  glass  tubes  under  a  pressure  of  40  to  50  atmospheres.  The 
fine  threads  are  received  into  water,  wh^cn  takes  up  the  solvent,  and  when  ten  to 
twenty  of  these  threads  are  spun  together  may  be  woven.  On  treatment  of  the  fabric 
with  a  solution  of  CaS  the  NO,  groups  are  removed,  leaving  the  cellulose  kx>king 
like  silk. 

Pyroxylin,  Pyroxylinum  (U.  S.  P.),  is  cellulose  tetranitrate,  con- 
taining less  NO,  groups  than  gun-cotton.    It  b  prepared  by  dipping 
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cotton  into  a  mixture  of  14  parts  HNO,  and  22  parts  of  H3SO4,  allow- 
ing it  to  steep  for  ten  hours,  or  until  it  is  soluble  in  a  mixture  of 
alcohol  and  ether  (i  :  3),  and  then  removing  and  washing  it  in  cold 
water.    It  is  used  for  preparing  collodion. 

Collodion,  collodium  (U.  S.  P.)>  is  prepared  by  dissolving  4  gms. 
of  pjrroxylin  in  a  mixtiure  of  75  cc  of  ether  and  25  cc  of  alcohol. 
Flexible  collodion  is  a  mixture  of  92  parts  of  the  above,  5  parts 
turpentine,  and  3  of  castor  oil.  Styptic  collodion  owes  this  property 
-to  20  per  cent,  of  tannic  acid.  Cantharidal  collodion,  or  blistering 
collodion,  is  a  solution  of  a  chloroformic  extract  of  cantharides  in 
flexible  collodion.  Cantharides  60  gms.,  flexible  collodion  85,  and  chloro- 
form q.  s.  to  make  100  gms. 

A  solution  of  pyroxylin  in  methyl^cohol,  acetone,  methyl-acetate,  or  amyl-ace- 
tate  is  used  as  a  lacquer  for  metals.  This  varnish  is  transparent,  flexible,  and 
adheres  well  to  the  metal.  Pyroxylin  is  also  used  in  the  manufacture  of  celluloid* 
The  moistened  pyroxylin  is  intimately  mixed  with  camphor,  and  then  passed  through 
heated  rollers  to  melt  the  camphor,  which  in  the  melted  state  dissolves  the  pyroxvlin. 
The  mixtuxe  may  be  made  transparent,  or  colored  or  mottled  by  the  addition 
of  coloring  matters.  It  is  soluble  in  slacial  acetic  add,  warm  nitric  acid,  and 
in  hot  concentrated  solutions  of  NaOH.  Ether^cohol  (3:1)  dissolves  both  the 
camphor  and  pyroxylin,  while  ether  alone  dissolves  out  the  camphor.  When  heated 
to  125^  C.  (357^  F.),  celluloid  becomes  plastic,  and  can  be  mended  into  any  desired 
shape.  It  is  empk^red  to  make  combs,  cheap  jewelry,  etc.,  imitating  coral,  tortoise- 
shell,  ivory,  and  other  materials. 

If  dry,  unsized  paper  be  dipped  into  a  cold  mixture  of  2  parts  of  sulphuric  add 
and  I  of  water  for  a  few  seconos,  and  then  washed  quickly  in  cold  water  containing 
a  little  ammonia,  it  b  rendered  very  tough  and  strong,  and  is  called  parchment- 
paper* 

Hemicelluloeet  are  those  varieties  of  celluk)Be  which  yield  monosaccharids 
with  dilute  mineral  adds,  thus  differing  from  the  others.  The  cellulose  of  yellow 
hipines  gives  galactose  and  arabinose;  that  of  rye  and  wheat,  arabinose  and  xyk)6e; 
that  of  certain  nuts,  mannose. 

Lignin  is  a  substance  usually  found  incrusting  the  cellulose  of  most  woods.  It 
closely  resembles  cellulose  in  composition.  It  is  insoluble  in  dilute  acids  and  alka- 
lies, but  is  oxidized  and  dissolved  by  potassium  chlorate  and  nitric  add. 

It  is  colored  an  intense  yellow  by  anilin  sulphate,  and  a  bright  red  by  a  solution 
of  phlorogludn  in  hydrochloric  add.  These  tests  will  detect  wood-fiber  in  paper 
when  it  is  present 

Tunicm,  or  animal  celloloM,  is  a  similar  substance  found  in  the  tissues  of 
some  animals. 

The  Gnm  Group. 

The  vegetable  gums  are  amorphous  bodies,  more  or  less  soluble  in 
water,  but  insoluble  in  alcohol,  and  are  converted  into  one  of  the  glucoses 
by  dilute  H^O^.  They  are  of  unknown  constitution,  and  are  found 
in  plants.  They  are  non-volatile  and  have  little  or  no  taste,  are  non- 
crystallizable  and  eminently  coUodial.  From  this  fact  they  are 
difficult  to  purify.  Many  of  them  appear  to  be  closely  related  in 
composition   to   starch,  while  others  have  a  different  composition. 
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They  are  distinguished  from  the  sugars  by  being  incapable  of  fermen- 
tation by  yeasty  and  being  insoluble  in  alcohol.  The  gums  are  distin- 
guished fit)m  starch  and  dextrin  by  giving  no  color  with  a  solution  of 
iodine.  They  do  not  yield  ammonia  when  heated  with  soda-Ume, 
which  distinguishes  them  from  the  albuminoids.  They  have  i^t  been 
sufficiently  studied  to  admit  of  accurate  classification. 

Dextrin^  or  British  gum,  is  an  amorphous,  yellowish-white^  gum- 
like body,  readily  soluble  in  water.  It  is  formed  by  heating  starch 
above  150®  C.  (302®  F.),  or  by  the  first  action  of  malt-diastase  or  hot 
dilute  sulphuric  add  upon  starch.  This  change  is  a  progressive  one. 
When  diastase  or  pancreatic  ferment  is  add^  to  gelatinous  starch 
(starch-paste),  it  is  liquefied  in  a  few  moments,  and  becomes  soluble 
starch,  which  is  represented  by  the  formula  3o(C,2HjoOm»).  This  is 
gradually  hydrated  under  the  action  of  the  ferment,  giving  rise  to  a  suc- 
cession of  different  steps  in  the  process,  and  as  many  different  dextrins: 
Soluble  Surch,         $o(C^j:>J  H-  H,0  -  29(CuH„O«0  +  CuHaOu  Maltose; 

Erythrodextrin,  A,  9(Ci«H»Ow)  +  HiO  -  S(C^jeL^OJ  H-  CnHaO„  " 
Erythiodextrin,  B,  8(CuH„Ow)  4-  H,0  -  7(CiiH»0  J  +  CaHaO,,  " 
Acroodextrin,  C,        yi^iJ^OJ  -h  H,0  -  6(Cjja^OJ  H-  C,AtOi,        " 

and  so  on  until  the  final  result  obtained  is: 
Acroodextrin,  H,    2(CnH»0,o)  +  H,0  -  2(G«H»0,o)  +  no  Maltose. 

The  final  result  always  leaves  a  portion  of  dextrin  unchanged  into 
maltose.  The  final  result  is  about  twenty  per  cent,  of  acroodextrin  to 
eighty  per  cent,  of  maltose.  Pancreatic  diastase,  however,  hisis  the 
power  of  slowly  changing  maltose  to  dextrose,,  and  the  lowest  acroo- 
dextrin to  maltose.  locUne  gives  a  reddish  color  with  the  erythrodex- 
trins.  It  gives  no  color  with  acroodextrin.  Dextrins  do  not  reduce 
Fehling's  solution. 

Gum  arable,  gum  acacia,  acacia  (U.  S.  P.),  is  a  dried  exuda- 
tion from  the  bark  of  different  kinds  of  acacia.  Strictly  speaking, 
gum  arabic  is  the  generic  name.  Gum  acada  is  applied  only  to  the 
purer  gum  employed  in  medicine.  It  is  obtained  chiefly  from  the 
Sudan.  It  occurs  in  rounded,  irregular  masses,  which  dissolve  in  cold 
water  to  form  a  thick,  viscid  solution.  Gum  arabic  consists  essentially 
of  the  calcium  salt  of  arabic  acid,  or  arabin.  Gum  arabic  should  not 
contain  more  than  four  per  cent,  of  ash.  The  powder  should  not  be 
colored  blue  (absence  of  starch)  or  red  (absence  of  dextrin)  by 
iodine.    Its  solution  should  give  an  add  reaction  with  litmus  paper. 

Arabic  acid,  CeHioOsOH^  when  heated  with  dilute  H^SO^,  splits  up  into  a 
series  of  arabinoses,  of  which  four  varieties  have  been  recognized. 

Gum  tragacanthy  tragacantha  (U.  S.  P.),  is  a  gummy  exudation 
from  Astragalus  gummifer  and  allied  spedes.    It  occurs  in  tear-like 
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masses,  strings,  or  bands,  which  are  usually  marked  with  ridges.  Gum 
tragacanth  is  usually  white  or  yellowish-white  in  color,  but  inferior 
varieties  are  brown.  It  is  hard,  tough,  and  'difficult  to  powder.  It  is 
tasteless  and  insoluble  in  alcohol  and  ether.  It  is  insoluble  in  cold 
water,  but  it  swells  up  and  forms  a  thick,  jelly-like  mucilage.  When 
diffused  through  a  larger  amount  of  water,  it  yields  a  ropy  liquid. 
This  liquid  usimlly  gives  a  blue  color  with  iodine,  showing  the  presence 
of  starch,  of  which  it  contains  from  five  to  six  per  cent  Tragacanth 
contains  about  sixty  per  cent,  of  a  gunmiy  or  pectinose  body,  which 
yields  pectic  add  on  boiling  with  water  containing  one  per  cent,  of 
HCl,  and  about  ten  per  cent,  of  soluble  gum,  probably  identical  with 
arabin.  The  characteristic  pectinous  constituent  of  tragacanth  is 
variously  known  as  tragacanthiiiy  adracanthin,  or  bassorin,  and  is 
believed  to  have  the  composition  C^HjoOio.  Metarabin  is  another 
gum,  found  in  the  roots  of  carrots,  beets,  etc.  It  is  insoluble  in  water 
and  is  converted  into  arabin  by  treatment  with  dilute  alkalies. 

Oum  Senegal  forms  yellowish  or  reddish  lumps,  often  the  size  of  a  pigeon's  egg. 
It  is  less  soluble  than  the  true  gum  arable,  and  its  solution  soon  becomes  dark  in 
color. 

Cerasin  is  the  insoluble  part  of  the  gum  of  the  cherry-tree  and  peach-tree.  By 
long-continued  boiling  with  water  it  yields  arabin. 

Pectin  is  obtained  by  the  action  of  natural  ferments  on  pectose,  an  insoluble 
body  existing  in  unripe  fruits.  It  exists  ready -formed  in  Irish  moss  and  some  other 
mosses.  It  is  soluble  in  water,  the  solution  gelatinizing  on  adding  either  acids  or 
alkalies.  It  is  precipitated  by  alcohol.  By  treating  with  bases,  pectin  yields  pec- 
tates,  which,  on  the  addition  of  hydrochloric  acid,  gives  insoluble  pectic  acid. 

Algin  is  obtained  from  various  seaweeds.  It  is  soluble  in  cold  water,  forming 
viscid  solutions  which  do  not  gelatinize  on  cooling. 

Carragheen  is  the  mucilaginous  constituent  of  Irish  moss  (Chondrus,  U.  S.  P.). 
It  is  soluble  in  water,  and  is  not  precipitated  by  alcohol. 

Vegetable  mucilage  occurs  in  linseed,  marsh-mallow,  quince-seed,  elm-baik, 
etc    Very  little  is  known  of  the  composition  of  these  bodies. 

COMPOUNDS  DERIVED  FROM  THE  ALCOHOLS. 

We  have  considered  the  alcohob  as  derived  from  or  closely  related 
to  the  hydrocarbons.  We  now  come  to  consider  a  variety  of  sub- 
stances derived  directly  from  the  alcohols,  by  such  processes  as  dehy- 
dratioiiy  oxidation,  and  substitution.  We  shall  consider  these 
eroups  in  the  order  men^oned,  considering  first  substances  derived 
from  alcohols  by  dehydration. 

ETHERS. 

If  we  remove  a  molecule  of  water  from  two  molecules  of  an  alcohol 

we  form  an  ether,  thus: 

CH,OH  -h  CHjOH  —  H,0  -  CIL-O-CH^ 
Methyl  Alcohol.  Mtdkyi  Ether. 
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The  ethers  are  constructed  on  the  water  type  (p.  84),  like  the 
alcohob  from  which  they  are  prepared.  They  bear  the  same  relation 
to  the  alcohols  as  Na,0  ddes  to  NaOH. 

Na— O— Na,  NaOH. 

Sodiam  Oxide.        Sodium  Hydroxide. 

C^OCJO^  CJLO— H. 

Ethyl  Ether.  Ethyl  AkohoL 

When  the  two  alkyl  radicals  united  by  the  linking  oxygexi  are  alike, 
the  ether  is  called  a  simple  ether;  when  the  radicals  are  unlike,  a 
mixed  ether. 

A  simple  ether  may  also  be  regarded  as  an  oxide  of  a  hydrocarbon 
radical.  If  we  substitute  a  bivalent  oxygen  atom  for  one  hydrogen 
atom  in  each  of  two  similar  hydrocarbon  molecules,  we  have  a  simple 
ether,  thus: 

Examples  of  simple  ethers: 

Methyl-ether,  or  Methyl-oxide. 

CjHg,-— O — C|Hf. 
Ethyl-ether,  or  Ethyl-oxide. 

Examples  of  a  mixed  ether: 

M^yl-ethyl-et£er. 

EsterSi  or  compound  ethers,  are  compounds  which  may  be 
regarded  as  formed  by  replacing  one  of  the  hydrogen  atoms  in  a' 
molecule  of  water  by  a  hydrocarbon  radical,  and  the  other  by  an  add 
radical,  or  by  dehydrating  a  mixture  of  an  alcohol  and  an  add: 

C,H.OH  +  CMfi  .  OH  —  H,0  -  C^— O— C,H,0. 
Ethyl  Alcohol.       Acetic  Add.  &hyl  Acetate. 

The  esters  correspond  to  the  ternary  salts  of  inorganic  chemistry. 

Formation  of  Ethers. — Ethers  may  be  formed  by  the  dehydrat- 
ing action  of  HjSO^  upon  the  corresponding  alcohols. 

2C^.OH  —  H,0  -  (C,H0,O. 

They  may  also  be  formed  by  the  reaction  of  the  chloride  or  iodide 

of  an  alcohol  radical  upon  an  alcohol  in  which  the  alcoholic  hydrogen 

has  been  replaced  by  a  metal: 

CfifiN&  +  C,HJ  -  CjH.OC A  +  Nal. 
Sodium  EUiyl-  £thyl-ether.       Sodiimi 

Ethylate.         iodide.  Iodide. 

(XHpONa  +  CH,I  -  CH,OC,H.  +  Nal. 
Socl.  £thykite.    Methyl-      Methvl-ethyl- 
iodide.  ether. 
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The  esters  may  be  formed  by  warming  a  mixture  of  the  alcohol  and 
the  acid,  or  alkaline  salt  of  the  add,  with  sulphuric  add: 

CAOH  +  NaCLHp,  +  H^^  -  C^— O— CAO  +  HNaSO«  +  H,0. 
EtbTl-         Sod.  Aceute.  Acetic  Etlier,  or 

akohoL  Ethyl-KeUte. 

Or  by  the  following  reaction: 

CJOA  +  KCHO,  -  CJL— O— CHO  +  KI. 
Khyl-  PbUM.  £tfayi-foniiate.  PbUoi. 

iodide.        Formate.  Iodide. 

The  esters  are  abundantly  produced  by  both  plant  and  animal  life. 
Many  of  the  essential  oils  contain  compound  ethers.  The  odors  of 
flowers,  of  ripening  fruits,  of  perfumes,  and  the  peculiar  bouquet  of 
the  various  alcoholic  beverages  are  prindpally  made  up  of  compound 
ethers. 

The  most  important  class  of  natural  esters  are  the  fixed  animal  and 
vegetable  oils. 

Ethers  of  the  Paraffin  Series.— Mathyl-oxidey  methyl-ether, 
CH,-0-CHy  is  a  colorless  gas  of  an  ether<»d  odor,  soluble  in  water, 
alcohol,  and  H^SO^.  It  is  prepared  by  the  action  of  H^SO^  upon 
methyl-alcohol.    It  liquefies  at  —36^  C.  (3  2.8*^  F.). 

Ethyl-ether,  ethyl-oxide,  sulphuric  ether,  sther  (U.  S.  P., 
Br.),  CjS^-O-Cfi^  is  prepared  by  heating  a  mixture  of  ethyl-alcohol 
and  sulphuric  add,  and  distilling  over  the  resulting  ether. 

About  10  parts  by  volume  of  commerdal  alcohol  and  la  parts  of 
strong  sulphuric  add  are  introduced  into  the  retort,  which  is  provided 
with  two  openings.  In  one  of  these  a  thermometer  is  placed,  while 
into  the  other  is  inserted  a  funnel  tube.  The  retort  is  heated  until 
the  thermometer  marks  130*^  C.  (266®  F.).  Alcohol  is  now  aUowed 
to  run  in  slowly  through  the  funnel  tube,  while  the  temperature  is 
kept  between  130*^  and  140*^  C.  (266^  and  284^  F.).  The  ether  distils 
off  with  part  of  the  water  produced,  and  a  small  quantity  of  alcohol 
and  sulphurous  oxide.  The  crude  ether  floats  upon  the  water  as  a 
distinct  layer.  To  obtain  it  in  a  pure  state,  it  is  washed  with  a  diluted 
soda  solution,  dried  over  quicklime  or  caldum  chloride,  and  redistilled 
by  the  heat  of  a  water-bath.  This  product  is  called  "washed  ether." 
It  still  contains  some  water  and  alcohol,  and  for  anesthetic  purposes 
must  be  again  purified  by  the  same  process.  By  the  above  process  a 
small  quantity  of  sulphuric  add  may  be  made  to  etherize  a  very  large 
quanti^  of  alcohol. 

The  action  takes  place  in  two  stages,  as  follows: 

CAOH  +  H^O^  -  (CJH.)HSO.  +  H,0. 
Akohol.  Ethyl-wlpburic  Aad. 

CAHSO4  +  CJH,OH  -  C,H,-0-C,H,  +  H^O^. 
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Properties. — ^Purc  ether  is  a  very  voktUe,  mobile,  highly  refracting, 
colorless  liquid,  possessing  a  characteristic  odor  and  burning  ^taste. 
Specific  gravity,  0.716  to  0.717  at  25**  C.  (77®  F.).  It  boils  at  3s!s®  C. 
(96**  F.).  It  is  soluble  in  ten  volumes  of  water,  and  in  all  propor- 
tions in  alcohol,  chloroform,  benzene,  fixed  and  volatile  oib.  It  is 
highly  inflammable,  burning  with  a  luminous  flame;  in  handling  it, 
therdore,  care  should  be  taken  not  to  come  near  a  flame.  It  dis- 
solves resins,  oils,  and  many  other  organic  bodies.  It  dissolves 
iodine,  bromine,  corrosive  sublimate,  sulphur,  and  phosphorus.  For 
anesthetic  purposes,  it  should  not  affect  blue  litmus;  it  should  leave 
no  residue  when  a  quantity  is  evaporated  on  a  watch-glass,  nor  should 
it  leave  a  foreign  odor;  it  should  boil  in  a  test-tube  when  the  latter 
is  held  in  the  hand,  ami  it  should  not  impart  a  blue  color  to  ignited 
copper  sulphate  (absence  of  water).  Twenty  c.c,  when  shaken  with 
an  equal  volume  of  water  previously  saturated  with  ether,  should  not 
lose  more  than  0.2  c.c.  in  volume.  When  10  c.c.  of  ethar  are  shaken 
with  I  c.c.  of  KOH  solution  and  allowed  to  stand  one  hour,  no  color 
should  develop  (absence  of  aldehyde).  Unless  kept  in  well-stoppered 
containers,  it  is  liable  to  decompose,  forming  aldehyde  and  acetic  and 
formic  adds.  The  above  tests  should  be  applied  to  ether  before  use  as 
an  anesthetic.  A  small  quantity  of  alcohol — less  than  four  per  cent. — 
is  not  a  serious  objection. 

It  is  used  in  preparing  spirit  of  ether  and  spirit  of  compound 
ether,  or  Hoffmann's  anodyne. 

Ether  is  largely  used  in  medicine  as  an  anesthetic,  and  is  employed 
by  inhalation,  or,  for  local  anesthesia,  is  sprayed  upon  the  part. 
When  taken  in  overdoses  it  causes  death.  Patients  who  have  taken 
an  overdose  may  usually  be  resuscitated  by  artificial  re^iration,  or 
by  the  use  of  the  induced  current  applied  upon  the  neck  and  epigas- 
trium. In  cases  of  death,  the  odor  of  ether  usually  lingers  upon  the 
clothing  and  in  the  lungs  for  several  hours. 

ESTERS. 

The  esters,  or  compound  ethers,  correspond  in  structure  with 
the  salts  of  the  metals  in  which  the  metal,  or  positive  radical,  is  re- 
placed by  a  hydrocarbon  radical. 

Thus,  sodium  acetate  corresponds  with  ethyl-acetate: 

Na— O— C,H,0  and  CJEL— O— C^,0. 
Sod.  Acetate.  Ethyl-acetate. 

Esters  may  be  formed  in  some  cases  by  the  direct  action  of  the 
add  or  add  chlorides  upon  the  alcohols: 


HjSO.  +  2CJI.OH  -  (CUIJiSO*  +  H,0. 
Salphuric  £thyl-  £t&l-  Water. 

Aod.  alcoooL  wlpnate. 


ESTERS.  54S 

It  is  necessary  in  most  cases,  in  order  to  form  the  ethers,  to  use 
some  sulphuric  acid  to  take  up  the  water  formed  by  the  reaction,  and 
for  the  same  reason  we  employ  the  solid  salt  of  the  acid  we  wish  to 
combine  with  the  alcohol. 

A  second  method  of  preparing  the  esters  is  by  first  forming  an 
alkyl  haloid  with  the  alcohol  radical,  and  causing  a  double  reaction 
between  this  and  a  silver  salt  of  the  acid. 

AffNO,  +  CjHjCl  -  CjH.— O— NO,  +  AgCl. 

Siva  Ethyl-  Ethyl-nitrate.  SUver 

Nitrate.         chlonde.  Chloride. 

Saponificatioii  of  Esters. — All  esters,  when  treated  with  a 
strong  alkali,  give  up  their  adds  to  the  alkah  and  set  free  the 
alcohol,  or  hydroxide  of  the  hydrocarbon  radical.  This  decomposition 
may  often  be  produced  by  heating  the  ester  in  presence  of  water, 
with  the  formation  of  an  alcohol  and  a  free  acid.  It  is  termed 
saponification^  by  whatever  means  it  is  accomplished. 

A  large  number  of  these  compounds  are  known,  but  a  few  only  are 
met  with  in  medicine. 

Methyl-nitrate,  CHjNOa,  is  a  colorless  liquid  boiling  at  66®  C. 

Methyl-salicylatc,  QH.-O-H  .  CO3 .  CHj^  methyl  salicylas 
(U.  S.  P.),  artificial  oil  of  wintergreen,  is  a  colorless  or  yellowish 
liquid,  having  the  odor  and  taste  of  oil  of  wintergreen  (gaultheria), 
with  the  essential  constituent  of  which  it  is  identical.  It  is  identical 
with  the  oil  of  Betula.  Its  sp.  gr.  is  1*183  ^^  i-i^s,  and  it  boils  at 
219*^  to  221**  C.  (426°  to  429.8°  F.).  It  is  optically  inactive.  It  is 
slightly  soluble  in  water,  but  soluble  in  alcohol,  glacial  acetic 
add,  carbon  disulphide,  and  the  volatile  oils.  It  may  be  prepared 
by  distilling  a  mixture  of  salicylic  add,  wood-alcohol,  and  strong 
HjSO,. 

It  is  employed  as  a  flavoring  agent,  and  to  some  extent  in  medidne. 

Ethyl-acetate,  acetic  eti^er,  aether  aceticus  (U.  S.  P.,  Br.), 
QHj-O-CjHjO,  is  prepared  by  disdUing  a  mixture  of  strong  sulphuric 
add,  alcohol,*  and  sodium  acetate. 

CJI.OH  -f  Na(C^,OJ  -f  H^O^  «  CH,CO— O— CjH,  +  H,0  +  NaHSO^. 
Alcohol.       Sodium  AceUte.  Ethyl-acetate. 

The  distillate  is  washed  with  a  solution  of  caldum  chloride  and  milk 
of  lime,  decanted,  dried  over  caldum  chloride,  and  finally  redistilled. 
Acetic  ether  is  a  colorless,  limpid  liquid,  boiling  at  76®  C.  (168.8**  F.) 
(72**  C,  U.  S.  P.)  and  possessing  a  pleasant,  fruity  odor.  It  dissolves  in 
about  dght  parts  of  water,  the  water  becoming  add  from  the  decom- 
position of  a  part  of  the  ether  into  acetic  add  and  alcohol.  It  is  mis- 
dble  with  metiiyl-  and  ethyl-alcohols  and  with  ether  in  all  proportions. 
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It  is  a  good  solvent  for  the  essential  oils,  resins,  moridiine,  gun- 
cotton,  and  most  other  substances  soluble  in  ether. 

The  refreshing  smell  of  hock-vinegar  and  some  old  wines  is  due  to 
the  presence  of  acetic  ether.  The  ether  is  inflammable,  burning  with 
a  bluish-ydlow  flame  and  acetous  odor. 

Ethyl-nitrite,  or  nitrous  ether,  CsH^-O-NO,  is  a  molnle  liquid, 
boiling  at  16.5®  C.  (62**  F.).  It  has  a  sp.  gr.  of  0.947,  and  is 
insoluble  in  water,  but  freely  soluble  in  alcohol  It  is  pr^ared  by 
distilling  a  mixture  of  alcohol,  potassium  nitrite,  and  su^huric  add; 
or  by  gradually  heating  a  mixture  of  equal  parts  of  alcohol  and  strong 
nitric  add  until  it  b^ins  to  boil,  then  removing  the  heat  and  allowing 
it  to  distil  slowly. 

2C^On  +  2KNO,  +  H^O^  -  aCjH^NO,  +  K^O^  +  aH,0. 
It  is  ptmfied  as  described  above  for  the  other  ethers. 

Nitro-ethane,  CVH^-N^^'  is  isomeric  with  the  above  and  differs 

in   physical  properties.    It  boils  at  113**  C.  (235**  F.),  and  is  more 
stable  than  ethyl-nitrite. 

Spirit  of  nitrous  ether,  spiritus  stheris  nitrosi  (U.  S.  P.,  Br.), 
sweet  spirits  of  nitre,  is  a  solution  of  ethyl-nitrite  in  ethyl-alcohol. 
It  is  prepared  by  adding  slowly  through  a  funnel  tube  100  gm.  of  sodium 
nitrite,  dissolved  in  280  c.c.  of  water  to  a  mixture  of  40  cc  of  H2SO4, 
85  cc.  of  alcohol,  and  205  c.c.  of  water,  the  mixture  being  cooled  by 
ice-water. 

When  the  reaction  is  complete,  the  ethyl-nitrite  is  separated,  in  a 
separatory  funnd,  washed  with  ice-water  to  remove  alcohol,  and  then 
with  a  solution  of  sodium  carbonate,  and  finally  dried  with  potassium 
carbonate.    It  is  then  mixed  with  twenty-two  times  its  weight  of  alcohol. 

Spirit  of  nitrous  ether  is  a  clear,  mobile,  volatile,  pale-yellow, 
inflammable  liquid,  having  a  fragrant,  ethereal  odor  and  a  sharp, 
burning  taste.  The  sp.  gr.  is  about  0.823  at  25**  C.  (77*^  F.).  It 
should  boil  at  about  65**  C.  (149*^  F.). 

When  5  c.c.  of  the  liquid  are  placed  in  a  nitrometer*  with  lo  c.c. 
of  a  16  per  cent,  solution  of  potassium  iodide,  and  then  10  c.c.  of  a 
normal  solution  of  H3SO4  added,  it  should  give  off  not  less  than 
55  cc.  of  N2O4. 

Ethyl-sulphate. — Sulphuric  add  reacts  with  alcohol  to  form  either 

ethyl  sulphuric  acid  or  ethyl  sulphate  according  to  the  quantities  used. 

When  H^SO^   acts  upon  an  excess  of  alcohol,  we  have  the  following 

reaction: 

C,H,OH     +     H,S04     -     ^!{^>SO,     +     H,0. 

Ethyl-  Sulphuric  Ethyl-sulphuric  Wftter. 

ftlcohol.  Add.  AckL 
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This  reaction  is  the  first  step  in  the  manufacture  of  ether.  On 
heating  with  alcohol,  this  compound  breaks  up  into  ether  and  sul- 
phiuic  add. 

Ethyl-sulphate,    (C,Hg)aS04,    is  a  heavy,    oily,    yellow    liquid, 
prepared  by  mixing  in  a  retort  equal  volumes  of  alcohol  and  sul- 
phuric add,  and,  after  twenty-four  hours,  distilling  off  the  contents 
of  the  retort  at  about  150**  C.  to  160^  C.  (302^  to  320*^  F.). 
2C^.OH  -f  H^O^  -  (C^J^O,  +  2H,0. 

This  oily  liquid  is  known  as  heavy  oil  of  wine.  When  mixed 
with  an  equal  volume  of  ether  it  forms  the  oleum  sthereum  of  the 
U.  S.  P.  It  is  used  in  making  the  compound  spirit  of  ether— 
spiritus  setheris  comp.  (U.  S.  P.,  Br.). 

Ethyl-carbamate,  or  Urethane,  JEthylis  Carbamas  (U.  S.  P.).-- 

QH5-O-C  =  O.  This  ester  is  formed  by  acting  upon  ethyl-carbonate 
with  ammonia  at  100**  C.  (212**  F.).  Ethyl-carbonate  is  prepared  by 
treating  silver  carbonate  with  ethyl-iodide: 

aC^^  +  Ag,CO,  -  ((Vl5)iO,CO  -f  aAgl. 
((yiJ,CO,  4-  NH,  -  CJH.— O— CO— NH,  +  HOC^. 

Or,  by  the  action  of  urea  nitrate  upon  alcohol  at  a  temperature  of 

i2o*>  to  130**  C.  (248^  to  266°  F.). 

CO(NH,),HNO,  +  CfifiU     -     NH.NO,  4-  NILCO— O— C^. 
UreA  Nitrate.  Ethyl-akohol.         Am.  Nitrate.  Ethyl-carbamate. 

The  resulting  urethane  is  extracted  with  ether  and  recrystallized. 

Urethane  occurs  as  odorless,  colorless,  columnar,  or  tabular  crys- 
tals, with  a  taste  resembling  nitre.  It  melts  at  47**  C.  (116.6**  F,), 
and  distils  at  180**  C.  (356°  F.).  It  is  readily  soluble  in  water  and 
most  other  media.  Urethane  is  used  in  medidne  as  a  hypnotic  in 
doses  of  I  to  2  gm.  Somnal  is  a  solution  of  chloral  and  urethane 
in  alcohol. 

Tests. — Heated  with  H^SO^,  it  gives  off  CO,  and  traces  of  alcohol.  Heated 
with  KOH  it  gives  off  ammonia.  If  i  gm.  be  dissolved  in  10  c.c.  of  water,  and  2 
gm.  of  sodium  carbonate  and  a  few  Kranules  of  iodine  added,  and  the  mixture  gently 
warmed,  iodoform  separates  on  coohng. 

Ethyl-benzoate,  valerianate,  butyrate,  nitrate,  etc.,  are  prepared 
very  much  in  the  same  way  as  the  above  esters,  using  the  salts  of  the 
adds  here  indicated  with  alcohol  and  sulphuric  add. 

Amyl-acetate,  QHu-O-CjHjO,  is  prepared  by  distilling  a  mix- 
ture of  amyl-alcohol,  sulphuric  add,  and  sodium  acetate.  It  has  a 
pleasant,  ethereal  odor. 

It  is  manufactured  on  a  considerable  scale  for  use  as  a  flavoring 
agent  for  confectioners. 
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Amyl-nitrite,*  amyUs  nitris  (U.  S.  P.,  Br.),  QHn-O-NO,  is  pre- 
pared by  passing  nitrogen  trioxide,  N^Oj,  into  amyl-alcohol.  It  is  a 
colorless  or  slightly  yellow  liquid,  and  possesses  the  choking  smell 
of  amyl  compounds  generally.  It  boils  at  96**  C.  to  99**  C.  (205*^  to 
210^  F.).  Specific  gravity,  0.865  too.875  at  25°  C.  (77*^ F.).  Its  vapor, 
when  inhaled,  produces  at  first  a  sense  of  fullness  in  the  head  and 
dizziness;  then  flushing  of  the  face,  increased  heart-action,  and  lowering 
of  the  blood-pressure  and  temperature.  It  may  contain  as  impurities 
nitric  add,  amyl-nitrate,  amyl-valerianate,  and  hydrocyanic  acid. 

It  is  almost  insoluble  in  water,  but  mixes  in  all  proportions  with 
ether  and  alcohol.  It  is  very  volatile  even  at  low  temperatures,  and 
is  inflammable. 

The  method  of  assaying  amyl-nitrite  is  the  same  as  that  described 
for  spirit  of  nitrous  ether,  page  346;  0.26  gm.  should  yield  about  40 
c.c.  of  gas. 

Artificial  Fruit  Flavors. — ^Manv  of  the  flavors  of  plants  are  due  to  the  presence 
of  esters  of  well-known  adds.  Artificial  flavoring  extracts  have  come  into  use  ex- 
tensively in  recent  years,  and  are  manufactured  largely  from  various  mixtures  of 
compound  etners,  organic  adds,  and  glycerin.  The  following  formulae  will  give 
some  idea  of  the  character  of  these  mixtures:  Pineapple  consists  of  chloroform,  i 
part;  aldehyde,  i  part;  ethyl-butyrate,  5  parts;  amyl-butyrate,  10  parts;  and 
glycerin,  3  parts.  Strawbeiry,  of  ethyl-nitrate,  i  part;  ethyl-acetate,  5  parts; 
ethyl-formate,  i  part;  ethyl-butyrate,  5  parts;  metnyl-salicylate,  i  part;  amyl- 
acetate,  3  parts;  amyl-butyrate,  2  parts;  glycerin,  2  parts.  Pear,  of  ethyl-acetate, 
5  parts;  amyl-acetate,  10  parts;  benzoic  add,  i  part;  and  glycerin,  10  parts. 

The  ethers  are  to  be  dissolved  in  pure  alcohol  (sp.  gr.,  0.83),  and  the  numbers 
given  indicate  the  quantity  to  be  added  to  100  parts  of  alcohol  by  measure.  The 
mixtures,  when  taken  in  large  quantities,  produce  deleterious  effects;  but  as  the 
quantities  actually  used  are  very  small,  they  probably  produce  no  appredable  effects. 
Besides  the  above-mentioned  and  many  other  "  fruit  essences,"  these  ethers  are  also 
extensively  emplo3red  to  improve  the  flavor  of  poor  wines,  and  to  fraudulently  imitate 
wines,  brandy,  mm,  whiskies,  etc. 

ESTERS  OF  THE  FATTY  ACIDS  WITH  GLYCEROL. 

As  glyceryl,  or  propenyl,  C^Hj,  the  radical  of  glycerin,  is  a  trivalent 
radical,  it  can  and  usually  does  unite  with  three  molecules  of  a  mono- 
basic add.  It  is  possible,  however,  to  have  three  glycerids  with  a 
monobasic  add,  just  as  we  have  three  salts  of  the  tribasic  phos- 
phoric  add.     Thus,  when  we   act   upon   glycerol   with   HCl,   we 

roH  roH 

can  form  monochlorhydriny  Cfi^  <  OH,  dichlorhjrdrin,  C9H5  -<  CI, 

(Cl  (Cl 

*  Amyl-nitrate  is  frequently  ordered  or  written  by  mistake  when  the  nitrite  is^ 
meant 
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fCl 
iJci.    In  li 
(.CI 


and  trichlorhydrin,  CJI,  <  CI.    In  like  manner  we  have  monofor- 

(.Cl 
min,  diformin,  and  triformin,  by  replacing  one,  two,  or  three  of  the 
hydroxyls  of  glycerol  with  the  radical  of  formic  add.  The  compound 
ethers  of  glyceryl  and  the  adds  of  the  first  or  paraffin  series  compose 
most  of  ^e  natural  fixed  oils  and  fats.  For  this  reason  the  adds 
formed  from  this  series  are  called  collectively  the  fatty  acids.  The 
trinitrate  of  glyceryl  has  abready  been  described.  The  natural  fixed 
oils  and  fats  are  composed  of  mixtures,  in  most  cases,  of  two  or  more 
of  these  glycerids. 

The  glycerids  are  named  from  the  orgam'c  add  which  they  contain, 
ending  ih  -in.  The  prefixed  mon-,  di-,  tri-  are  used  to  indicate  the 
number  of  add  radicals  the  molecule  contains. 

The  following  table  contains  the  most  important  of  the  natural  fats 
and  oils;  also  three  artificial  esters  not  true  fatts. 

NATUKAL  FATS  AND  7IXED  OOS. 
Name.  Formula.  Oocoxaxhcb. 

Mooofarmiii,  . . .  .C,H^(OH),OCHO,  Artifidal  ester. 

Diformin, C,H,(OH)(OCHO)p 

Monoacetin, C,H,(OHkUC^,0, 

Triacedn, CyH^j  OC,  H,0  )^  Euonymus  europ€Bus. 

Tributyrin, C,Hs(OC,HtO)^  Butter. 

Trivalcrin, C^H ji(  OC^  f  {,  O  )^  SoKd  excrement  and  dolphin  oil. 

Tricaproin, C,H4(0C,H„0)^  f  Butter,  cocoanut  oil. 

Tiicaprylin, C?|  H^i;  O  C ,  H  t^O)^,  \  Faeces,  cocoanut  oil,  butter. 

Tricaprin, CjH j( O Ci^Ij^O )jtf  Cocoanut  oil,  goats'  milk. 

Trilaurin, C|Hj(0CijH3|0)„  Cocoanut,  ^aim-nut,  and  bay  berry  oils. 

Trimjrris^ CjH^C OC hH„0) j,  Cocoanut  oil,  palm-nut  oil,  nutmeg  but- 

ter, cows'  butter,  and  goose-fat. 

Trilinolein, CA(OCisHnO)„  Linseed,  poppy,  sunflower,  hemp-seed 

oils. 

Triolein, C^i(OC,aH.O)»,  Oils  (Olive  oil). 

Tripahnitin, C,H,(OC„HaO)„  Oils  and  fats  (Pahn  oil). 

Tristearin, C^(OC,tHaO)„  Animal  fats  (Tallow). 

The  fats  and  oils  are  found  in  both  the  animal  and  vegetable  king- 
doms. Some  are  liquid,  while  others  are  solid.  Some  oils  remain 
permanent  in  the  air,  like  ohve  oil,  while  others  oxidize  and  thicken, 
like  linseed  and  poppy  oil.  These  latter  are  called  siccative,  or  drying 
oils.  The  fats  are  insoluble  in  water,  difficultly  soluble  in  alcohol, 
but  soluble  in  ether,  petroleum  naphtha,  and  carbon  disulphide.  So 
far  as  known,  no  natural  fat  consists  purely  of  one  substance,  but  of 
a  mixture  of  oleate,  palmltate,  and  stearate  or  other  ester  of  the  triad 
radical,  glyceryl,  Cfi^. 
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The  fats  are  decomposed  by  heat,  acrolein,  or  acrylic  aldehyde, 
being  one  of  the  products. 

Tristearin,  or  stearin,  CsHfCCisHssO,),,  is  found  in  the  more 
solid  fats.  It  may  be  separated  from  the  other  principles  by  melting 
tallow  with  tiuT^entine,  when  the  stearin  remains  in  solution,  while  the 
olein  and  palmitin  are  precipitated. 

By  adding  water  to  this  liquid,  the  stearin  may  be  separated.  It 
fuses  at  71^  C.  (160*'  F.)  and  solidifies  again  at  50°  C.  (laa**  F.). 

Tripalmitiiii  CJci^iCyfitfi^^  ^^  ^^  ^^  constituent  of  palm  oil, 
mutton-fat,  lard,  and  human  fat.  It  is  more  soluble  in  alcohol  and 
ether  than  stearin.  It  crystallizes  in  fine  needles,  and  it  melts  at 
46*'C.(iis*'F.). 

Triolein,  Cfit(Ci^U^O^^,  is  the  fluid  constituent  of  most  fats 
and  oils.  When  pure,  it  is  a  colorless  fluid,  becoming  yellow  on 
exposure  to  the  air.  It  may  be  obtained  from  olive  oil  by  treating  it 
with  cold  alcohol,  cooling  die  solution  to  o®  C.  (3  a®  F.)  to  separate 
the  p>almitin,  and  adding  water  to  the  alcoholic  solution  to  precipitate 
the  olein.    Olein  is  more  abundant  in  vegetable  than  in  animal  oib. 

General  Properties  of  the  Fixed  Oils.— When  treated  with  hot 
alkalies  or  superheated  steam,  the  fats  are  saponified.  (See  p.  345.) 
Most  fats  slowly  saponify  in  contact  with  air  and  become  rancid. 
In  the  process  of  digestion  they  are  saponified  and  then  emulsified — 
I.  e.,  broken  up  into  minute  drops.  The  active  agents  in  this  change 
are  the  bile  and  pancreatic  secretion. 

These  oib  are  termed  ''fixed''  to  distinguish  them  from  the  vola- 
tile or  essential  oils  described  in  another  place.  The  ''volatile''  oils 
evaporate  or  volatilize  without  decomposition,  while  the  fixed  oils 
decompose  when  heated,  giving  off  irritating  vapors  of  acrolein, 
C,H40.  When  rubbed  upon  paper  they  render  it  translucent,  the 
spot  remaining  more  or  less  permanent.  They  are,  when  pure, 
nearly  tasteless  and  odorless,  unctuous  to  the  touch,  insoluble,  and 
float  upon  water.  Some  of  them  absorb  oxygen  when  exposed  to 
the  air,  and  become  thick  and  gummy  from  oxidation  of  ^e  esters 
of  the  unsaturated  hnoleic  acid  present.  These  are  called  drying, 
or  siccatiyey  oils.  The  fixed  oils  are  usually  obtained  by  pressure, 
with  or  without  the  aid  of  heat. 

While  the  most  of  the  fats  contain  three  orgam'c  radicals,  there 
is  one  notable  example  in  which  we  find  a  mixture  of  two  organic  and 
one  inorganic  acid  radical.    This  is  an  important  fat  known  as  lecithin. 
CA(OC„H,0), 

Lecithin,  \0-POOH  is  an  ester  of  dyceiyl 

\O.Cyi,-N-(CH,)» 
\OH 
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with  two  molecules  of  stearic,  oleic,  or  palmitic  add,  and  one  molecule 
of  phosphoric  add,  which  latter  add  is  etherized  with  a  molecule  of 
cholin.  It  is  found  in  all  animal  and  vegetable  cells  and  tissues,  and 
is  espedally  abundant  in  nervous  tissue,  yolk  of  eggs,  and  in  the  sper- 
matic fluid.    It  is  found  in  blood,  milk,  bile,  and  transudates. 

The  ledthins  are  designated  as  distearyl-,  dioleyl-,  and  dipalmityl-ledthin 
according  to  the  kind  of  acid  radical  present  Several  difiFerent  lecithins  are  often 
found  together  in  both  animal  and  plant  tissues.  They  are  often  found  combined 
with  other  substances,  such  as  proteins,  carbohydrates,  cerebrosides,  etc.  Ledthins 
are  difficult  to  prepare  in  a  pure  state,  but  when  prepared  form  a  white  wax-like 
mass,  soluble  in  alcohol,  chloroform,  benzene,  carbon  disulphide,  the  fixed  oils, 
and  but  slightly  soluble  in  ether.  They  are  quite  easily  saponified  by  warm  alkaline 
solutions,  imd  when  heated  with  dOute  acids  are  decomposed  into  elycerophosphoric 
add,  phos^ioric  add,  free  fatty  add  and  cholin.  They  are  decomposed  at  a 
temperature  oi  loo^  C.  (aia^  F.)  even  in  the  dry  state.  They  are  believed  to  play 
an  important  rftle  in  the  nutrition  oi  all  ceU  nudeL 
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abdomen. 
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COMMON  UNOFFICIAL  FIXED  OILS  AND  FATS. 
Name.  Omiom.  Appucatioms. 

Arachis  Oil, Peanuts.  To  adulterate  olive  oil,  lard, 

etc.;  salad  oil;  cooking. 

Butter, MUkfat.  Food. 

Cocoanut  Oil, Kernel  of  nuts.  Marine  soaps;  n%^t  lights; 

artificial  butter. 

Colza  Oil, Rape-seed.  Bumii^;  lubricating;  soap- 

making. 

Hemp  Oil, Seed^ofhemp.  Painting;    varnishes;    soft- 

soap-making. 

Mustard  Oil, Seed  of  black  and  white  Same  as  Colza  oil. 

sinapis. 

Neat's-foot  Oil, Feet  of  various  animals.  Leather  dressing;  lubricat- 

ing oil. 

Palm  Oil, Seed.  Railway  grease;  soap-mak- 

ing; candles. 

Rosin  Oil, Dbtillation  of  rosin.  For  noaking  "rosin  grease'' 

for  lubricating. 

Sperm  Oil, Blubber  of  whale.  Lubricant;  hardening  steel 

cutlery. 

Talk>w,. . .  ^ Beef  and  mutton.  Candles;  soap;  lubricating. 

Tallow  Oil  (Oleo  Oil),.  .Beef  by  pressure  while  warm.  Butterine;  oleomargarine. 

OFFICIAL  OILS  AND  FATS. 

Adeps  Lanm*  (U.  S.  P.,  Br.)  is  a  purified  fat  of  the  wool  of  sheep. 
It  is  a  yellowish,  unctuous  mass  having  a  slight  odor  of  wooL  It  melts 
at  about  40^  C.  (104^  P.).  Insoluble  in,  but  misdble  with,  large 
quantities  of  water. 

Adeps  Lanse  hydrosus  (U.  S.  P.),  or  lanolin,  is  prepared  from  wool 
fat  by  thorough  washing  and  working  it  up  with  water  into  a  yellow- 
ish white  ointment-like  mass  having  but  a  faint  odor.  It  should  con- 
tain not  more  than  thirty  per  cent,  of  water.  It  is  soluble  in  ether 
and  chloroform  and  partly  soluble  in  alcohol.  It  is  a  mixture  of  esters 
of  cholesteryl  and  the  esters  of  ordinary  fats. 

It  is  used  as  a  base  for  ointments,  on  account  o£  the  statement  that 
it  is  more  easily  absorbed  than  other  fats.  This  statement  is  probably 
without  foundation  in  fact. 

Lard  oil,  oleum  adipis  (U.  S.  P.),  is  extracted  from  lard  at  a 
low  temperature.  It  is  a  light  yellow,  transparent  oil,  used  in  cook- 
ing, soap-making,  and  in  artificial  butter,  or  butterine.  It  is  very 
frequently  adulterated,  principally  with  cotton-seed  and  other  seed 
oils,  rape  oil,  earth-nut  oil,  etc. 

Almond  oil,  oleum  amygdalae  expressum  (U.  S.  P.,  Br.),  is 
a  fixed  oil  expressed  from  bitter  or  sweet  almonds,  a  clear,  pale  straw- 
colored  or  colorless  oil,  almost  inodorous  and  having  a  mild,  sweet 
taste.  The  pure  oil  has  no  odor  of  bitter  almonds.  It  is  slightly 
*  Adeps  is  not  a  true  fat.   It  is  composed  chiefly  of  cholesterin  and  isocholesterin. 
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soluble  in  alcohol,  and  is  readily  soluble  in  ether  and  chloroform. 
If  2  C.C.  of  the  oil  be  mixed  with  i  c.c.  of  fuming  m'tric  acid  and  i  c.c. 
of  water,  a  white  or  reddish-brown  mixture  should  be  formed,  which 
should  sq>arate,  on  standing  some  hours,  into  a  white,  solid  mass 
and  a  scarcely  colored  liquid. 

Oil  of  cade,  oleum  cadinum  (U.  S.  P.,  Br.),  is  really  a  heavy, 
oily,  volatile  oil,  and  not  a  fatty  oil.  It  is  composed  of  phenols  aiul 
cadinene.    It  is  obtained  by  distillation  of  the  heart  wood  of  the  juniper. 

Cotton-seed  oU,  oleum  gossypii  seminis  (U.  S.  P.)i  is  a 
fixed  oil  expressed  from  the  seeds  of  Gossypium  herhaceum,  or  the 
cotton-plant,  and  subsequently  purified.  It  is  a  pale-yellow  oil  with- 
out odor,  and  having  a  bland,  nut-like  taste.  It  is  largely  employed 
as  a  sul^titute  for,  or  an  adulterant  of,  olive  oil,  as  a  substitute  for 
lard  in  cooking,  in  the  manufacture  of  butterine  and  soap,  and  for 
adulterating  other  oils. 

Linseed  Oil,  Flaxseed  OU,  Oleum  Lini  (U.  S.  P.,  Br.).— It 
is  a  dark-yellow,  fixed  oil,  expressed  from  ground  linseed  without  the 
use  of  heat  It  has  a  characteristic  disagreeable  odor  and  taste. 
Linseed  oil  consists  of  about  eighty  per  cent,  of  linolein,  with  smaller 
quantities  of  olein,  myristin,  and  palmitin.  Linolein  is  a  glycerid  of 
linoleic  acid.  The  drying  property  of  linseed  oil  is  due  to  the  pres- 
ence of  linolein,  which  absorbs  oxygen  from  the  air  and  is  converted 
into  a  gummy  mass  resembling  resin.  The  varieties  of  linseed  oil 
recognized  in  commerce  are  raw,  refined,  artists',  and  boiled.  The 
tendency  of  linseed  oil  to  oxidize  is  much  increased  by  heating  it  to 
a  high  temperature  while  passing  a  current  of  air  through  and  over 
the  oil,  and  subsequently  increasing  the  temperature  until  the  oil 
begins  to  effervesce.  The  temperature  employed  is  from  130**  C. 
(266**  F.)  upward.  This  process  is  termed  boiling  the  oil.  The  oil 
thus  treated  is  called  boiled  oil.  By  continued  boiling  the  oil  be- 
comes very  thick,  and  may  be  drawn  out  into  elastic  threads.  This 
product  is  used  in  the  manufacture  of  printing-ink.  By  adding 
litharge,  ferric  oxide,  or  manganese  oxide  to  the  oil  during  the  boil- 
ing process,  the  oxidation  and  consequent  drying  properties  of  the  oil 
are  increased.  The  salts  of  lead  and  manganese  are  most  employed 
in  the  manufacture  of  "  driers"  for  linseed  oil. 

Cod-liver  oil,  oleum  morrhuae  (U.  S.  P.,  Br.),  is  a  fixed  oil 
obtained  from  the  fresh  livers  of  the  cod,  Gadus  morrhua.  It  is 
obtained  by  pressure,  either  with  or  without  the  aid  of  heat.  Several 
qualities  of  ood-liver  oil  are  recognized  in  commerce:  a  pale  oil  of  a 
straw-yellow  color;  a  pale  brown  oil  of  inf^or  quality,  also  used  in 
medicine;  and  a  dark  brown  variety  obtained  by  roughly  boiling  down 
the  livers,  and  known  as  tamiers'  oU.    When  fresh,  the  best  grades 

24 
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of  oil  are  almost  colorless  and  limpid,  with  a  slight  odor  and  taste  and 
a  faint  add  reaction.  On  standing,  the  fishy  taste  and  odor,  as  well 
as  the  add  reaction,  increase.  Cod-liver  oil  consists  essentially  of 
several  glycerids,  the  chief  one  being  olein,  with  variable  quantities  of 
myristin,  palmitin,  stearin,  with  small  quantities  of  cholesterin  and 
free  fatty  adds.  Cod-liver  oil  contains  traces  of  iodine  and  some- 
times bromine,  but  the  form  in  which  these  elements  exist  is 
unknown.  A  peculiar  add  called  gaduic  acid|  and  another  substance 
called  gadium,  and  two  alkaloids,  asselin  and  monhuiiiy  have 
been  found.  Gautier  has  obtained  butylamin,  amylamin,  hexylamin, 
and  hydrodimethyl-p)nidin.  To  which  of  these  substances  cod-liver 
oil  owes  its  value  as  a  therapeutic  agent  is  still  a  matter  of  doubt. 
Heyerdahl  claims  that  when  made  from  fresh  livers  and  without 
exposure  to  air,  it  does  not  contain  any  of  these  alkaloids.  He  finds 
that  it  does  contain  two  fats,  therapin  and  jecolein.  Therapin, 
C^(pCij}i^O\^  constitutes  about  twenty  per  cent,  of  the  oil,  while 
jecolein,  C^(OC^H^O)j,  forms  about  the  same  amount;  the  rest  he 
has  not  thoroughly  studied.  The  property  which  is  probably  the  chief 
recommendation  for  its  use  is  the  facility  with  whldi  it  is  digested  or 
assimilated.  This  characteristic  is  not  due  to  the  traces  of  biliary 
compounds,  which  are  nearly  always  present  It  may  in  part  be  due 
to  the  readiness  with  which  cod-liver  oil  becomes  randd  or  saponifies, 
as  slightly  randd  oils  are  more  easily  emulsified  than  neutral  oils,  and, 
as  it  very  easily  saponifies,  this  would  favor  its  emulsification  and 
absorption.     Cod-liver  oil  is  seldom  adulterated. 

OUve  oil,  oleum  oliyse  (U.  S.  P.,  Br.),  is  a  well-known  oil 
expressed  from  the  fruit  of  the  olive-tree.  It  is  a  yellow  or  greenish- 
yellow  oil,  almost  odorless,  and  of  a  bland,  sweetish  taste.  The  finest 
grades  have  a  greenish  tinge,  and  are  prepared  by  submitting  the  fruit 
to  cold  pressure.  Olive  oil  is  frequently  adulterated,  chiefly  with 
poppy  oil,  sesame  oil,  cotton-seed  oil,  and  peanut  oil.  The  method 
of  detection  of  adulteration  will  be  seen  by  reference  to  the  table  on 
page  360.  It  is  very  sparingly  soluble  in  alcohol,  but  readily  soluble 
in  ether,  chloroform,  or  carbon  disulphide.  When  cooled  to  about 
10®  C.  (50**  F.),  it  begins  to  deposit  crystalline  particles,  and  at  o**  €• 
(32**  F.)  it  forms  a  white,  granular  mass. 

Castor  oil,  oleum  ricini  (U.  S.  P.,  Br.),  is  usually  obtained  by 
the  extraction  of  the  oil  by  the  expression  of  the  seeds  of  Ridnus 
communis^  which  contain  nearly  one-half  thdr  weight  of  oil.  If  not 
dear,  the  oil  is  treated  with  animal  charcoal  or  magnesia,  and  filtered. 
It  is  a  thick,  viscid,  transparent,  colorless  or  greenish-yellow  liquid, 
having  a  faint  odor  and  a  disagreeable  taste.  At  a  low  temperature  it 
thickens  and  deposits  white  granules,  and  at  about  — 18®  C.  (—04*^ 
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F.)  it  solidifies.    Castor  oil  differs  from  most  other  fixed  oils  by  its' 
density,  viscosity,  and  its  ready  solubility  in  alcohol  and  insolubility  ' 
in  naphtha.    Nitric  add  attacks  it  energetically,  and  converts  it  into- 
suberic  add.    Ammonia  precipitates  from  it  a  crystalline  solid.    It  is. 
used  in  medicine  as  a  laxative. 

Cacao-butter,  oleum  theobromatis  (U.  S.  P.,  Br.),  is  a  fixed  oil 
expressed  from  the  seeds  of  Theobroma  cacao.  It  is  a  yellowish-white 
solid,  having  a  faint,  agreeable  odor  and  a  bland,  chocolate-like  taste. 
Its  sp.  gr.  is  from  0.970  to  0.980.  It  is  readily  soluble  in  chloroform 
and  ether,  and  is  soluble  in  120  parts  of  boiling  absolute  alcohol  or 
100  parts  of  cold  alcohol.  It  does  not  easily  become  randd.  Its 
fusing  point  is  between  30°  and  33**  C.  (86**  to  91. 4**  F.).  It  is  a 
brittle  solid  at  ordinary  temperatures. 

Croton  oil,  oleum  tiglii  (U.  S.  P.),  oleum  crotonis  (Br.), 
is  expressed  from  the  seeds  of  Croton  tiglium.  It  is  a  pale  yellow  or 
brownish-yellow,  somewhat  visdd  and  slightly  fluorescent  liquid,  hav- 
ing a  slight  fatty  odor  and  a  mild,  oily,  afterward  acrid  and  burning 
taste.  Croton  oil  contains,  besides  the  glycerids  of  oleic,  crotonic, 
and  fatty  adds,  a  peculiar  prindple  called  crotonol,  to  which  the  oil 
owes  its  vesicating  properties.  When  applied  to  the  skin,  it  produces  a 
pustular  eruption,  and  when  taken  internally  is  a  drastic  cathartic. 
The  oil  has  an  add  reaction  to  litmus  paper.  It  is  soluble  in  alcohol, 
its  solubility  increasing  with  age.  It  is  very  soluble  in  ether,  alcohol, 
chloroform,  and  in  the  fixed  and  volatile  oik. 

Mutton  suet,  serum  preparatum  (U.  S.  P.,  Br.),  is  the  in- 
ternal fat  of  the  abdomen  of  the  sheep,  purified  by  melting  and 
straining.  It  is  a  white,  smooth,  almost  odorless  solid,  melting  at 
44.5®  C.  to  49°  C.  (112**  to  120**  F.).  It  is  freely  soluble  in  benzine, 
slowly  soluble  in  benzene,  and  insoluble  in  alcohol.  It  quite  readily 
becomes  randd  on  keeping,  and  should  not  then  be  used.  It  is  firmer 
than  lard  and  is  used  in  making  mercurial  ointment. 

Lard,  adeps  (U.  S.  P.,  Br.),  is  the  purified  fat  of  the  hog.  It  is 
prepared  by  "  trying  out"  the  fat  by  warming  the  fatty  tissue  either  with 
dry  or  steam  heat,  at  a  temperature  not  exceeding  57®  C.  (135®  F.). 
The  fat  is  then  strained  through  muslin.  It  is  a  soft,  white  fat  at 
ordinary  temperatures,  and  melts  to  a  clear  oil  at  about  37.8**  C.  (100^ 
F.).  The  lard  of  commerce  is  often  adulterated  with  paraffin  and 
cotton-seed  oil. 

IMPORTANT  UNOFFICIAL  OILS  AND  FATS. 
Earth-nut  or  peanut  oil,  arachis  oil,  is  obtained  from  the 
nuts  of  Arachis  hypogea,  the  oil  being  chiefly  expressed  in  France. 
The  nut  contains  about  forty-five  per  cent,  of  the  oil.    It  is  of  a  pale 
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greenish-yellow  color,  of  a  distinctly  nutty  flavor  and  smell,  and  is 
used  very  largely  in  the  adulteration  of  olive  oil,  lard  oil,  and  other  oils. 

This  is  a  type  of  a  variety  of  bland,  almost  tasteless  oils  of  v^etable 
origin  which  have  come  into  the  market  in  recent  years,  used  mostly 
as  substitutes  for  or  adulterants  of  almond  oil,  olive  oil,  and  lard,  or 
in  the  manufacture  of  artificial  butter.  The  oils  of  this  class  are  sesame, 
cotton-seed,  peanut,  sunflower-seed,  rape-seed,  cocoanut,  hazelnut, 
beechnut,  mustard  seed,  peach,  and  apricot  oils.  The  description 
given  above  for  some  of  these  oils  is  practically  that  for  all  of  them, 
with  slight  unimportant  differences.  Pure,  unadulterated  olive  oil  is 
seldom  seen  in  this  market. 

Sesame  or  teel  oil,  benne  oil,  is  a  fixed  oil  expressed  from 
the  seeds  of  Sesamum  indicum.  It  is  a  yellow,  inodorous,  and  bland 
oil  resembling  cotton-seed  oil,  and  used  for  the  same  purposes.  It  is 
an  imperfect  drying  oil,  and  does  not  readily  turn  rancid.  Its  be- 
havior with  reagents  will  be  seen  by  reference  to  the  table. 

Hemp-seed  oil,  poppy-seed  oil,  walnut  oil,  and  linseed  oils  are 
the  vegetable  drying  or  siccative  oils,  and  are  all  used  in  mixing  paints. 
Some  of  them  are  used  to  adulterate  linseed  oil. 

Neat's-foot  oil  is  obtained  by  the  heat  of  boiling  wat^  or  steam 
upon  the  feet  of  cattle,  horses,  sfieep,  and  other  animab,  a  process 
popularly  called  "trying  out."  It  is  a  straw-yellow,  odorless,  nearly 
tasteless  liquid.    It  is  not  readily  prone  to  rancidity. 

Palm  oil  has  a  reddish-yellow  to  a  brown  color,  and  varies  in 
consistency  from  that  of  soft  lard  to  that  of  tallow.  As  met  with  in 
commerce,  it  is  frequently  contaminated  with  water  and  solid  impuri- 
ties, and  is  more  or  less  randd. 

Sperm  oil  proper  is  obtained  from  the  head-cavities  and  blubber 
of  the  sperm  whale.  Commercial  sperm  oil  is  sometimes  obtained 
from  other  whales,  and  that  from  the  bottlenosed  whale  is  known  as 
"Arctic  sperm  oil."  Sperm  oil  is  a  thin  liquid  and  nearly  free  from 
odor,  when  of  good  quality.  Sperm  oil  is  mostly  used  as  an  illuminating 
oil. 

Tallow  is  the  fat  of  the  ox  or  sheep,  obtained  by  gentle  heat 
Mutton  tallow,  so  called,  is  of  a  different  composition  from  that  of 
beef,  and  is  usually  called  suet. 

Tallow  is  a  white  or  yellowish-white,  brittle  solid,  used  largely  in 
Ihe  manufactiure  of  soap  and  candles.  Tallow  oil,  or  oleo  oil,  is  ob- 
tained by  expression  at  a  temperature  of  about  35*^  C.  (95**  F.),  of 
the  more  liquid  portion,  the  solid  portion  remaining  behind  in  the 
press.  This  oil  is  especially  prepared  for  the  manufacture  of  oleo- 
margarine. 

Butter  consists  of  a  mixture  of  stearin,  palmitin,  and  olein  lot 
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soluble  in  water,  and  the  glycerids  of  butyric,  caproic,  caprylic,  and 
capric  adds.  These  last  acids,  when  free,  are  soluble  and  volatile. 
Oleomargarine,  butterine,  suine,  etc.,  are  artificial  mixtures  of  butter 
with  foreign  fats,  made  to  imitate  butter. 

The  principal  foreign  fats  employed  are  lard,  beef  oil,  cotton-seed, 
sesame,  and  similar  oils.  The  usual  method  of  manufacture  is  to 
melt  the  foreign  fats,  deodorize  them,  when  necessary,  with  nitric 
add,  then  dther  to  mix  them  with  genuine  butter  or  chum  them-  with 
milk.  The  mixture  usually  has  a  melting  point  above  or  below  that 
of  genuine  butter. 

Melting  points  of  various  fats: 

Butterine, 31.3**  C.  (88.5*>  F.). 

Cacao-butter, 349** C.  (94. 7® F.). 

Butter  (average), 35.8**  C.  (96.6**  F.). 

Beef-dripping, 438**  C.  ( 1 1 1. 1®  F.). 

Veal-dripping, 47-7*'  C  (118**  F.). 

Lard, 42**C.  t0  45**C.  (io7.c<»  to  113**  F.). 

Mutton-fat, 50**  C.  to  51**  C.  (122* to  i23.8*»  F.). 

Tallow  (beeO, 5300.(127.4*^^). 

A  low  melting  point  generally  indicates  butterine,  or  vegetable 
oils,  while  a  high  one  indicates  the  presence  of  animal  fats. 

The  detection  of  foreign  substances  in  butter  is  a  matter  of  considerable 
importance,  owing  to  the  fact  that  certain  countries  have  laws  prohibiting  the  sale 
of  artificial  butter,  or  at  least  restricting  its  sale. 

The  modem  butter  substitutes  are  close  imitations  of  natural  butter,  and  can 
only  be  detected  by  chemical  processes  dependent  upon  the  difference  in  chemical 
composition  of  butter-fat  and  other  animal  or  vegetable  oils.  The  butter-fat  is 
saponified  with  a  solution  of  KOH,  the  soap  thus  produced  is  again  decomposed 
with  a  mineral  acid,  and  the  fatty  acids  are  separated.  Stearic,  oleic,  and  palmitic 
adds  are  insoluble  in  water,  while  butyric  acid  and  certain  others  are  soluble.  But- 
ter-fat, when  thus  treated,  yields  from  5  to  8  per  cent,  of  soluble  acids  and  from 
85.5  to  88.5  per  cent  of  insoluble  acids.  The  sum  of  the  insoluble  and  soluble  fatty 
acids  should  always  amount  to  fully  94  per  cent,  of  the  fat  taken.  The  other  fats 
and  oils,  when  saponified  by  this  method,  yield  mere  traces  of  the  volatile  or  soluble 
fatty  acids,  and  from  95  .<  to  97.7  per  cent,  of  insoluble  acids.  These  variations  are 
taken  advantage  of  for  the  identification  of  genuine  butter  or  the  detection  of  mix- 
tures. In  actual  practice  2.5  gm.  of  the  purified  butter-fat  are  taken  and  saponified 
with  KOH,  the  soap  decomposed  with  diluted  HjSO^,  and  the  mixture  submitted  to 
distillation.  The  soluble  or  volatile  acids  distil  off,  and  are  estimated  by  titration 
with  a  standard  alkali.  From  the  amount  of  alkali  required  to  neutralize  the  vola- 
tile acids,  the  quantity  or  percentage  may  be  calculated.  The  insoluble  acids  re- 
main behind  in  the  distilling  flask.  If  it  be  desired  to  do  so,  they  mav  be  filtered  out 
and  weighed.  Another  method  that  is  sometimes  employed  for  the  detection  of 
adulteration  in  butter  is  the  amount  of  alkali,  KOH,  required  to  saponify  H  known 
weight  of  butter.  This  is  known  as  its  saponifying  equivalent.  It  is  determined 
by  adding  to  a  known  weight  of  the  purified  butter-fat  an  excess  of  standard  solution 
of  KOH,  and  heating  until  saponification  is  complete.  The  excess  of  KOH  is  then 
estimated  by  a  standard  acid.    The  difference  between  that  added  and  the  free 
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alkali  remaining  gives  that  in  combination  with  the  fatty  acids  of  the  butter,  or  the 
saponifying  equivalent.  The  amount  of  alkali  recjuired  for  the  saponification  of 
butter  is  much  greater  than  that  of  most  other  oils.  Another  method  which  is 
depended  upon  to  distinguish  butter  from  other  fats  or  oils  is  the  amount  of  iodine 
or  bromine  that  a  given  weight  of  butter-fat  will  absorb  under  prescribed  condi- 
tions. For  particulars  concerning  these  various  processes  we  must  refer  the  student 
to  special  works  on  the  subject. 

Identification  of  Fixed  Oils. — Various  methods  have  been  devised  for  the 
identification  of  fixed  oils  and  fats.  Some  of  these  depend  upon  the  separation  of 
the  fat  into  its  constituents,  and  the  quantitative  estimation  of  these  constituents. 
These  processes  are  rendered  necessary  because  of  the  extensive  adulteration  to 
which  commercial  oils  and  fats  are  subjected.  Some  of  these  processes  are  designed  • 
especially  for  the  detection  of  the  falsification  of  butter.  Others  are  applicable 
only  to  the  commercial  oils  other  than  butter.  The  chief  tests  used  for  the  identifica- 
tion of  oils  are: 

1.  Specific  gravity. 

2.  Liquefying  temperature. 

3.  Heat  developed  in  the  action  of  H^O^  upon  a  fixed  amount  of  the  oiL 

4.  Heat  of  bromination. 

5.  The  iodine  absorbed  by  a  known  amount  of  the  oil. 

6.  Color  reactions  with  H^O^  or  HNO,. 

7.  The  elaldic  acid  reaction. 

8.  The  index  of  refraction. 

9.  The  saponification  number. 

10.  The  quantity  of  volatile  fatty  acids. 

The  specific  gravity  of  the  most  important  oils  is  given  in  the  table  on  page 
360.    It  is  usually  taken  with  the  picnometer.    (See  page  5.) 

The  liquefying  temperature  is  another  characteristic  property  of  oils  which 
is  made  use  of  for  their  identification.  These  temperatures  are  given  in  the  third 
column  of  the  table.  Of  the  chemical  methods  that  are  employed  for  the  identifica- 
tion of  fixed  oils,  only  the  simpler  ones  can  be  here  described. 

The  rise  of  temperature  which  ensues  on  treating  a  fixed  oil  with  H,S04  is 
the  measure  of  the  extent  or  intensity  of  the  chemical  reaction  between  the  two.  This 
rise  of  temperature  has  been  taken  advantage  of  by  Maumen^  for  the  identification 
of  many  of  the  fixed  oils.     It  is  found  that  with  a  given  oil  the  rise  is  fairly  uniform. 

The  heat  of  bromination  is  the  rise  of  temperature  caused  by  the  action  of 
I  gm.  of  bromine  on  i  gm.  of  oil  under  prescribed  conditions.  The  reaction  depends 
upon  the  amount  of  unsaturated  acids  m  the  oil. 

The  results  are  more  uniform  when  bromine  is  used  in  place  of  sulphuric  acid. 
The  method  may  be  conducted  as  follows*:  Take  a  seven-mch-long  test-tube,  and 
wind  a  layer  of  cotton  about  the  closed  end.  Place  this  in  a  six-  or  eight-ounce 
beaker,  or  ordinary  tumbler,  and  fill  the  latter  with  calcined  m^nesia  to  a  depth  of 
two  and  a  half  inches,  packing  it  down  around  the  test-tube  andcotton.  The  test- 
tube  may  now  be  taken  out,  leaving  a  non-conducting  nest  lined  with  cotton.  Two 
gm.  of  the  oil  are  dissolved  in  enough  chloroform  to  make  exactly  10  c.c.  Five  c.c. 
of  bromine  are  dissolved  in  enough  chloroform  to  make  25  c.c.  The  solutions  arc 
brought  to  the  room -temperature,  and  5  c.c.  of  the  oil-chloroform  solution  are  care- 
fully measured  out  with  a  pipette  and  run  into  the  test-tube,  taking  care  not  to  soil 
the  sides  of  the  tube.  The  tube  is  now  returned  to  the  nest  in  the  beaker,  the  ther- 
mometer placed  in  the  solution,  the  temperature  taken,  and  5  c.c.  of  the  bromine 
solution  slowly  added  from  a  pipette,  consuming  about  one  to  two  minutes  in  adding 
the  5  c.c.    As  soon  as  the  last  drop  of  bromine  solution  has  been  added,  the  tem- 
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?;rature  of  the  mixture  is  observed  and  the  highest  point  reached  on  the  scale  noted, 
he  difference  between  the  initial  temperature  and  this  reading  gives  the  heat  of 
bromination  of  i  c.c.  of  bromine  acting  upon  i  gm.  of  the  oil  under  examination. 
The  heat  of  bromination  of  the  commoner  oils,  when  the  above  directions  are  fol- 
lowed, is  given  in  the  fourth  column  of  the  table  on  the  next  page. 

Color  Reactions. — With  some  oils,  sulphuric  acid  gives  characteristic  colora- 
tions. The  next  two  columns  of  the  table  show  the  effect  produced  in  placing  a 
drop  or  two  of  sulphuric  acid  in  the  center  of  about  twenty  drops  of  the  oil,  and  ob- 
serving the  color  before  and  after  stirring.  The  colors  produced  by  different  sam- 
ples of  the  same  kinds  of  oils  are  liable  to  some  variations  from  those  indicated  in  the 
table.  Many  of  the  fixed  oils  give  characteristic  color  reactions  with  nitric  acid  as 
well  as  with  sulphuric  acid.  The  method  of  applying  the  test  is  to  agitate  tofi;ether 
from  3  to  5  c.c.  of  the  oil  with  i  c.c.  of  nitric  acia  of  sp.  ct.  1.32.  Heat  the  mixture 
for  five  minutes  in  boiling  water,  and  then  take  it  out  and  observe  the  color  of  the  oil 
from  time  to  time  for  an  hour  and  a  half.  If  the  acid  be  of  a  higher  sp.  gr.  than  1.33, 
it  wiU  be  unnecessary  to  apply  the  heat.  The  colors  given  by  this  test  are  to  be 
found  in  the  last  column  of  the  table. 

The  eUIdin  reaction  is  also  a  characteristic  test  for  many  of  the  fixed  oils.  It 
depends  upon  the  action  of  nitrous  acid  upon  the  oleic  acid  of  the  oils,  by  which  it  is 
changed  into  elaidic  acid,  which  is  solid  at  ordinary  temperatures.  The  best  method 
of  obtaining  this  reaction  is  with  the  following  solution:  One  c.c.  of  mercury  is  dis- 
solved in  12  c.c.  of  cold,  concentrated  nitric  acid.  One  c.c.  of  this  freshly  made 
solution  is  then  shaken  in  a  wide-mouthed,  stoppered  bottle  with  25  c.c.  of  the  oil  to 
be  tested,  the  agitation  being  kept  up  at  intervals  for  from  one  to  two  hours.  When 
treated  in  this  manner,  oils  consisting  of  nearly  pure  olein  give  a  solid  product  of 
greater  or  less  consistency.  Olive  oil  is  remarkable  for  the  firmness  of  the  lemon- 
yellow  elaldin  production.  The  behavior  of  the  more  important  fixed  oils  when 
tested  in  this  manner  is  as  follows : 

Elaldin' Test. — Behavior  of  most  important  fixed  oils. 

(a)  A  solid,  hard  mass: 

Olive,  almond,  arachis,  lard,  sperm,  and  sometimes  neat's-foot. 

{h)  A  buttery  consistency: 

Neat's-foot,  mustard,  sometimes  sperm,  arachis,  and  rape. 

(c)  A  buttery  mass  sep>arating  from  a  liquid : 

Rape,  sesame,  cotton-seed,  cai-liver,  seal,  whale,  and  porpoise. 

((/)  Liquid  products: 

Linseea,  hempseed,  walnut,  and  other  drying  oils. 

Fat  in  the  Human  Body. — Fats  which  occur  in  the  animal  body 
are  chiefly  mixtures  of  triolein,  tripalmitin,  and  tristearin  in  varying 
proportions,  with  small  quantities  of  tricaproin  and  trivalerianin.  The 
normal  fat  of  each  animal,  or  class  of  animals,  is  characteristic  in  its 
composition.  Thus,  in  the  fat  of  man  and  the  carnivora,  palmitin  is 
in  excess  over  the  other  two.  In  the  fat  of  herbivora,  stearin  pre- 
dominates, and  in  that  of  fishes,  olein.  The  fat  of  butter,  as  seen 
above,  contains  several  other  glycerids  in  addition  to  these  three. 
The  fat  that  is  accumulated  in  the  animal  body  during  fattening  can 
not  be  accounted  for  by  the  fat  given  as  food.  A  large  part  of  it  may 
come  from  the  conversion  of  proteins  and  carbohydrates  into  fat. 
The  manner  in  which  this  conversion  takes  place  has  been  the  subject 
of  considerable  dispute.    The  belief  now  is,  however,  that  both  pro- 
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teins  and  carbohydrates  can  give  rise  to  the  production  of  £at  in  the 
animal  body.  The  total  amount  of  fat  in  the  human  body  varies 
within  wide  limits,  but  from  three  to  five  per  cent,  may  be  taken  as 
a  fair  average.  It  is  generally  greater  in  women  and  children  than  in 
men.  It  is  generally  greater  in  middle  age  than  diuing  old  age, 
although  sometimes  this  rule  is  reversed.  The  object  of  the  storage 
of  fat  in  the  animal  body  is  to  provide  a  surplus  of  heat-producing 
elements  for  periods  of  starvation  and  disease.  It  also  serves  to  lubri- 
cate the  different  organs,  to  give  rotundity  to  the  form,  and  to  protect 
the  internal  structure  from  sudden  changes  of  temperature,  owing  to 
its  non-conductivity  of  heat.  The  principal  service  of  fat  in  the 
economy  is  as  a  producer  of  heat  and  energy,  by  its  oxidation.  In 
wasting  diseases  and  starvation,  the  fats  previously  stored  up  are 
rapidly  consumed  to  sustain  the  body.  In  cold  climates,  therefore, 
more  fats  are  demanded  than  in  temperate  or  hot  climates.  When 
fat  is  taken  in  excess  of  that  needed  by  the  body,  it  b  either  discharged 
in  the  feces  or  it  is  absorbed  and  stored  up  as  fat. 

SOAPS. 

Soaps   are   metallic  salts  of  the  fatty  adds — 1.  e.,  chiefly  oleic, 

palmitic,    and    stearic,    although    soaps    are    made    from    various 

vegetable  acids,  notably  from  abietic  and  other  adds  found  in  rosin. 

Those  of  potassium,  sodium,  and  ammonium  are  soluble  in  water; 

those  of  the  other  metals  are  insoluble.    Hard  soaps  are  salts  of  the 

fatty  adds  with  sodium;  soft  soaps  are  salts  of  potassium. 

Q|H.(C„H«0^,  +  3KOH  -  3KC„H«0.  +  C.H.(OH), 
Ghrceryl-tnsteanite.         Potus.  Soft  Soai>,  Glroerol. 

H]rdrozide.    Pouas.  Stearate. 

Soaps  are  made  from  almost  any  fat,  but  the  best  varieties  are  made 
from  lard,  olive,  peanut,  or  palm  oils.  Cocoanut-  and  palm-oil  soaps 
are  much  used  at  sea,  on  account  of  their  property  of  dissolving  in 
salt  water.  Castor  oil  is  extensively  employed  for  making  transparent 
toilet-soaps,  and  now  very  extensively  used  for  soap-making.  Lard- 
soaps  are  very  white,  soUd,  inodorous,  and  valuable  for  toilet  use. 
Ordinary  yellow  laundry  soap  is  made  by  saponifying  tallow  or  palm 
oil  with  soda.  More  or  less  resin  is  often  added,  but  the  use  of  too 
large  a  proportion  renders  the  soap  dark.  The  prindpal  soaps  of 
commerce  contain  either  an  excess  of  unsaponified  oil  or  fatty  add, 
on  the  one  hand,  or  an  excess  of  alkali,  on  the  other.  The  alkali  of 
the  soap  may  be  dther  as  a  carbonate  or  as  caustic  alkali.  Such  soaps 
are  said  to  be  alkaline  soaps.  Small  quantities  of  foreign  substances 
are  frequently  added  to  soaps,  as  coloring,  perfume,  or  medidnal 
agents.  Medicated  soaps  are  now  sold  which  contain  a  considerable 
proportion  of  medidnal  agents,  such  as  carbolic,  salicylic,  or  cresylic 
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acids;  thymol,  tar,  sulphur,  ichthyol,  naphthalin,  camphor,  etc  An 
excess  of  glycerol  is  sometimes  added,  which  is  a  valuable  ingredient 
in  certain  soaps.  In  the  manufacture  of  soap,  the  alkali  is  either  heated 
with  the  fat  or  with  the  free  fatty  adds  previously  set  free  with  super- 
heated steam.  In  the  first  case  the  glycerol  is  left  in  the  soap;  in  the 
second  the  glycerol  has  been  removed.  After  the  formation  of  the 
soap,  it  is  separated  from  the  solution  either  by  evaporating  down 
and  allowing  it  to  solidify,  or  by  precipitating  it  from  its  solution 
by  the  a^jdition  of  salt.  The  flaky  precipitate  rises  to  the  surface,  is 
separated,  melted,  and  cast  into  molds.  The  addition  of  a  mineral  add 
to  a  solution  of  soap  sets  free  the  fatty  acid. 

NaC|gH,,0,  +  HCl  -  HC^H^O,  +  NaCl. 
Stearic  Aad. 

When  a  solution  of  a  soluble  soap  is  added  to  a  water  containing 
the  heavier  metals  in  solution,  an  insoluble  soap  is  usually  produced. 
Hard  waters  usually  owe  thdr  hardness  to  the  salts  of  oddum  and 
magnesium.  The  soaps  produced  in  this  case  are  the  insoluble  caldum 
and  magnesium  soaps. 

White  castile  soap,  sapo  (U.  S.  P.),  sapo  duros  (Br.),  is  a  soap 
made  from  sodium  hydroxide  and  olive  oil.  It  is  strongly  alkaline, 
hard,  yet  easily  cut  when  fresh,  having  a  faint,  peculiar  odor  from 
randdity,  and  a  disagreeable  alkaline  taste.  It  is  soluble  in  water  and 
in  alcohol;  more  readily  with  the  aid  of  heat.  It  is  used  in  making 
emplastrum  saponis  and  linimentum  saponis. 

Sapo  animalis  (Br.)  is  a  soap  made  from  sodium  hydroxide,  puri- 
fied animal  fat,  consisting  chiefly  of  stearin,  containing  about  diirty 
per  cent,  of  water. 

Soft  soapy  green  soap,  sapo  viridis,  sapo  mollis  (U.  S.  P.,  Br.), 
is  a  potassiiun  soap  made  from  linseed  oil.  It  is  a  soft,  unctuous 
mass  of  a  yellowish-brown  color,  soluble  in  about  five  parts  of  water  to 
a  clear  liquid.    It  is  also  readily  soluble  in  alcohol. 

Lead  soap,  lead  plaster,  emplastrum  plumbi  (U.  S.  P.,  Br.), 
is  a  soap  prepared  by  precipitating  a  warm  solution  of  soap  with  a 
solution  of  lead  acetate,  with  constant  stirring,  kneading  the  predpitate 
to  remove  water,  and  rolling  into  cylindrical  forms.  It  is  a  yellowish- 
white,  pliable  or  tenadous,  but  not  greasy  mass,  gradually  acquiring  a 
brownish  color  on  exposure  to  the  air.  It  is  insoluble  in  water,  but  is 
soluble  in  benzene  and  chloroform.    It  is  used  in  making  soap  plaster. 

Ammonium  soap  occiu^  in  linimentum  ammonise  (U.  S.  P.,  Br.). 
This  liniment  is  made  from  ammonia-water,  oleic  add,  and  cotton- 
seed oil,  with  the  addition  of  five  per  cent,  of  alcohol. 

Lime  soap  is  a  constituent  of  linimentum  calcis  (U.  S.  P.,  Br.), 
or  carron  oil.  This  is  prepared  by  shaking  together  equal  volumes 
of  lime-water  and  linseed  oil. 
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OXIDATION  PRODUCTS  OF  ALCOHOLS. 

The  oxidation  products  of  alcohols  have  already  been  referred 
to  on  page  314.  As  there  stated,  the  primary  alcohols,  when 
warmed  with  oxidizing  agents,  as  a  dilute  solution  of  sulphuric  and 
chromic  acids,  or  potassium  permanganate,  yield  aldehydes,  while 
secondary  alcohols  yield  ketones.  The  further  action  of  the  oxidizing 
agent  converts  the  aldehydes  into  organic  acids.  The  oxidation  always 
attacks  that  carbon  atom  of  the  alcoholic  molecule  to  which  the  hydroxyl 
is  fixed.  It  is  evident  that  in  polyatomic  alcohols  the  oxidation  may 
be  limited  to  one  point  in  the  molecule,  giving  rise  to  the  production 
of  aldehyde-alcohols,  ketone-alcohols,  or  alcohol-adds.  The  hexoses 
afford  examples  of  the  first  two  classes  in  the  aldoses  and  ketoses. 

THE  ALDEHYDES. 

The  aldehydes  are  compounds  formed  by  the  oxidation  of  the  pri- 
mary alcohols.    Only  those  alcohols  containing  the  group  — C:^5^     can 

form  aldehydes,  which  group  becomes  — C^tt   which  is  characteristic 

Nil, 

of  all  aldehydes.  They  differ  from  the  corresponding  alcohols  by 
having  two  atoms  of  hydrogen  removed;  thus,  ethyl-alcohol  forms 
ethyl-  or  acetic  aldehyde. 

CH,— C^^Ij  +  O  -  CH,— C^2  +  "«^- 

By  further  oxidation  aldehydes  yield  the  corresponding  adds.  It 
will  be  observed  that,  as  two  atoms  of  hydrogen  have  been  removed 
without  putting  any  atoms  in  their  places,  aldehydes  are  unsaturated 
bodies.  On  this  account  they  are  very  liable  to  undergo  changes  with 
reagents.  They  are  espedally  prone  to  undergo  oxidation  to  produce 
adds,  and  therefore  act  as  strong  reducing  agents.  They  can  also 
take  up  hydrogen  when  treated  with  sodium  amalgam,  and  regener- 
ate the  alcohol.  They  combine  with  ammonia  to  form  aldehyde 
ammoniaSy  and  with  the  acid  sulphites  of  the  alkalies  to  form  crys- 
talline compounds.  Aldehydes  unite  with  hydoxylamin,  NHjOH,  to 
form  oximeSy  and  with  hydrazins  to  form  hydrazones.  They  restore 
the  red  color  to  magenta  (rosanilin  hydrochlorate)  which  has  been 
reduced  and  decolorized  with  sulphurous  add.  This  is  used  as  a  test 
for  aldehydes  in  general.  With  chlorine  and  bromine  they  unite  to 
form  the  chloride  or  the  bromide  of  the  oxygenated  radical.  With 
HjS  they  form  sulphaldehydes. 

1.  2C^,HO  -H  O2  =  2C^,OOH. 

2.  CjHyHG  +  H,  (nascent)  -  C^jOH. 
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3.  C,H^O  +  NH,-(yi,<gg^ 

4.  C^jHO  +  Clj  -  C^OCl  +  HCL 

5.  cKhO  +  H^  -  C,H,HS  +  H,0. 

The  aldehydes  do  not  contain  hydroxyl,  as  shown  by  their  reaction 
with  PCI5. 

CHjCHO  +  PQft  -  CHjCHClj  +  POCl^ 

In  removing  oxygen  two  chlorine  atoms  are  substituted,  while  if  hydroxyl 
were  present  this  would  be  removed  and  Ci  take  its  place. 

Preparation. — i.  Formaldehyde  and  polymers  of  this  compound  (glucose, 
etc.)  are  formed  in  growing  plants.     (See  p.  521.) 

3.  The  aldehydes  may  be  artificially  formed  by  partial  oxidation  of  primary 
alcohols. 

aCflfiU  +  O,  -  2C,HyHO  +  aH,0. 

3.  They  may  also  be  prepared  by  the  action  of  nascent  hydrogen  (sodixim 
amalgam)  upon  the  chlorides  or  anhydrides  of  the  corresponding  adds. 

C^X)C1     +       H,    -    CjaSlO    +    HCL 
Acetyl  Chloride.  Acetic  Aldehyde. 

^^•q>0      +     2H,    -    aC^,HO    +    H,0. 
AceticAnhydride.  Acetic  Aldehyde. 

4.  By  distilling  a  mixture  of  the  calcium  salt  of  the  corresponding  add  with 
caldum  formate. 

Ca(CHO^,  +  Ca(C4H,O0,  - 
Cakium  Formate.       Calcium  Butyrate. 

aCaCOa      +      aC^ILHO. 
Cakium  Carbonate.     Butyric  Aldehyde. 

Formaldehyde^  CH,0,  or  H— C=!g,  is  produced  by  the  dry  distilla- 
tion of  calcium  formate,  or  by  the  oxidation  of  methyl-alcohol,  by4)assing 
a  mixture  of  the  vapor  with  air  over  a  hot  spiral  of  platinum  or  copper. 
The  heat  of  the  combustion  keeps  the  spiral  at  a  dull  red  heat  as  k)ng 
as  the  air  and  vapor  are  supplied.  The  gas  is  then  passed  into  water 
in  which  it  is  freely  soluble.  The  gas  has  a  very  pungent,  irritating 
odor,  and  shows  a  marked  tendency  to  polymerize  into  paraformal- 
dehyde, (CHjO),,  a  white,  crystalHne  solid.  When  formaldehyde  is 
left  in  contact  with  lime-water,  it  forms  a  mixture  of  formose,  QH,jOe, 
and  acrose,  QHij^e*  ^^^  reaction  is  one  of  the  steps  in  the  formation 
of  other  sugars  by  synthesis. 

FormaUiiy  liq.  formaldehydi  (U.  S.  P.).—A  forty  per  cent, 
solution  of  formaldehyde  in  water  is  sold  under  the  name  of 
formalin.  This  is  used  as  an  antiseptic  and  food  preservative. 
The  gas  is  generally  used  for  room  disinfection,  and  is  either  pre- 
pared by  specially  constructed  lamps  for  burning  wood-alcohol  or 
the  gas  is  set  free  from  formalin  by  some  dehydrating  agent,  like 
caldum   chloride,  in   a  closed   cylinder,  or  by  heating  Ae  formalin* 
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For  room  disinfection  it  is  necessary  to  use  six  ounces  of  formalin 
for  each  looo  cubic  feet  of  air-space  to  be  disinfected. 

Dilute  formalin  is  used  for  preserving  and  hardening  tissues.  It  has  the 
remarkable  property  of  converting  albuminous  substances  and  gelatin  into  a  hard, 
elastic  mass  quite  insoluble  in  water.  White  of  egg,  when  left  in  contact  with  it 
for  half  an  hour,  is  converted  into  such  a  mass.  Brain  substance  becomes  like 
rubber,  and  a  solution  of  gelatin,  to  which  35  drops  of  formalin  is  added  for  each 
500  grams  of  gelatin,  is  changed  into  a  hard,  transparent,  insoluble,  odorless  mass, 
reducible  to  a  fine  powder.    This  has  been  used  as  a  surgical  dressing. 

When  formalin  is  evaporated  over  concentrated  HjSO^,  a  part  of  the  formalde- 
hyde is  left  as  a  white,  polymeric  mass  called  ozyme&ylene,  which  on  heating  is 
reconverted  into  formaldehyde. 

Formaldehyde  does  not  form  aldehyde-ammonia  with  ammonia,  as  do  the 
other  aldehydes,  but  hexa-methylene-amin,  C,H„N..  It  does  not  resinify  with 
K.OH  like  acetaldehyde,  but  is  converted  into  methyl  alcohol  and  potassium 
formate. 

2CH,0  -H  KOH  -  CH,OH  -H  KCHO,. 

Acetic  aldehyde,  aldehyde,  CjH^O,  is  prepared  on  a  large  scale 
in  the  manufacture  of  alcohol,  when  it  (Ustils  over  with  the  first  of  the 
distillate.    Commercial  alcohol  generally  contains  traces  of  aldehyde. 

It  may  be  prepared  by  distilling  from  a  retort  a  mixture  of  3  parts 
of  crystals  of  potassium  dichromate,  4  parts  of  sulphuric  acid,  12  parts 
of  water,  and  4  parts  of  alcohol.  The  receiver  must  be  placed  in  a 
freezing  mixture.  Manganese  dioxide  may  be  used  instead  of  the 
dichromate. 
3C^OH  +  K,Cr,Oy  +  4H^04  -  3CH,CHO  +  CrjCSO^),  +  K^04  +  7H,0. 

The  impure  aldehyde  thus  obtained  is  treated  with  dry  calcium 
chloride  to  remove  water,  and  then  mixed  with  twice  its  volume  of 
ether,  surrounded  by  a  freezing  mixture,  and  saturated  with  dry 
anmionia-gas.  The  crystalline  aldehyde-ammonia  thus  formed  is 
separated  and  distilled,  with  dilute  sulphuric  add,  from  a  flask  or 
retort  connected  with  a  well-cooled  receiver.  It  may  then  be  freed 
from  water  by  standing  over  fused  calcium  chloride  and  redistilling. 

Aldehyde  is  a  colorless,  transparent,  mobile  liquid,  boiling  at 
21**  C.  (69.8**  F.).  It  has  an  acrid,  suffocating  odor,  irritating  the  eyes. 
It  mixes  in  all  proportions  with  water,  alcohol,  and  ether. 

It  acts  as  a  strong  reducing  agent.  If  mixed  with  a  solution  of 
ammoniated  silver  nitrate  and  warmed,  the  silver  is  reduced  and 
deposited  upon  the  glass  in  the  form  of  a  mirror.  It  gives  the 
general  reactions  of  the  aldehydes.  A  general  test  for  the  aldehydes 
is  their  iwoperty  of  restoring  the  red  color  of  a  solution  of  fuchsin 
which  has  been  decolorized  with  sulphurous  acid. 

The  vapor  of  aldehyde,  when  inhaled,  produces  asphyxia.  When 
the  liquid  is  taken  internally  it  produces  intoxication.    When  pure 
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aldehyde  is  left  for  some  time  in  contact  with  HCl,  SO,,  COCl,,  or 
ZnCl,,  it  undergoes  a  change,  forming  two  polymeric  compomids 
known  as  paraldehyde  and  metaldehyde. 

Paraldehyde,   paialdehydum    (U.  S.  P.,  Br.),  (C,HjOH)„  or 

jj     O— C— CHi 

CHf— c^     6         is  used  in  medicine  as  a  hypnotic.    It  is  prepared  by 
o— i— CHi 
H 

treating  aldehyde  with  a  very  small  quantity  of  HCl  or  with  ZnCl,.  The 
temperature  of  the  liquid  rises,  and  almost  complete  conversion  into 
paraldehyde  takes  place.  Purification  is  effected  by  freezing  out  and 
rectifying.  Paraldehyde  is  a  clear,  colorless  liquid,  with  an  ethereal 
odor  and  a  burning,  afterward  cooling  taste.  Specific  gravity,  0.990 
at  2f  C.  (77**  F.).  Boils  at  124®  C.  (255.2^  F.),  and  congeals  to  a 
crystalline  mass  at  10**  C.  (50®  F.).  One  part  dissolves  in  ten  of  water, 
forming  a  neutral  solution.  It  is  miscible  in  all  proportions  with  alcohol 
and  ether.  BaCl,  and  AgNOj  solutions  should  give  no  precipitate 
with  it  (absence  of  sulphates  and  chlorides),  and  it  should  give  no 
coloration  after  two  hours'  contact  with  a  solution  of  KOH  or  NaOH 
(absence  of  aldehyde).    It  may  be  given  in  doses  of  20  to  40  minims. 

Metaldehyde,  (CjH^O)^,  is  formed  from  aldehyde  by  H,S04  or 
HCl  gas  at  a  temperature  below  0°  C.  (32°  F.).  It  is  a  white, 
crystalline  solid,  occurring  in  needles  or  prisms.  When  heated,  it 
sublimes  without  melting  at  112°  to  115^  C.  (234°  to  239^  F.).  It  is 
insoluble  in  water,  but  soluble  in  hot  alcohol  and  ether. 

It  also  has  been  used  as  a  hypnotic. 

Sulphaldehyde,  CjH^S,  is  prepared  by  the  action  of  H,S  upon 
aldehyde.  It  is  an  oily  liquid  with  a  disagreeable  odor.  When 
treated  with  acids  it  polymerizes  like  aldehydes,  producing  a  solid 
thioparaldehyde,  giving  physiological  effects  like  those  of  paraldehyde. 

Trichloracetaldehyde,  or  chloral,  CClj~CH0,  is  an  aldehyde  in 
which  the  three  hydrogen  atoms  of  the  radical  have  been  replaced  by 
three  chlorine  atoms;  thus:  CH3COH  +  2CI3  =  CCI3COH  4-  3HCI. 
It  is  prepared  by  passing  dry  chlorine  into  absolute  alcohol  until  it 
is  saturated.  The  liquid  separates  into  two  layers.  The  lower  layer 
is  separated  and  shaken  several  times  with  H2SO4,  and  finally  distilled 
from  the  add.  It  is  thus  obtained  as  a  colorless,  oily  liquid,  having  a 
pungent,  irritating  odor  and  a  bitter,  acrid,  caustic  taste.  It  boils  at 
94.5°  C.  (202**  F.);  sp.  gr.,  1.502.  It  is  very  soluble  in  water,  alcohol, 
and  ether.  It  dissolves  the  halogens,  sulphur,  and  phosphorus.  It 
answers  to  all  the  general  tests  of  the  aldehydes  mentioned  above. 
Oxidizing  agents  convert  it  into  trichloracetic  acid,  CCl,COOH,  a 
colorless,  aystalline  solid,  soluble  in  water.  Trichloracetic  add  has 
been  used  as  a  delicate  test  for  albumin  in  the  urine.    Chloral  is 
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converted  into  chloroform  and  a  formate  by  the  alkaline  hydroxides. 

C,Cl,OH  +  NaOH  -  NaCHO,  +  CHCl^ 

This  reaction  is  employed  to  prepare  a  very  pure  chloroform  for  anes- 
thetic purposes.  It  unites  with  water  to  form  chloral  hydrate. 
Chloralum  hydratum  (U.  S.  P.),  CCl,CHO .  H,0,  is  a  colorless, 
transparent,  crystalline  sohd,  having  a  pungent  odor  and  an  acrid  taste. 
It  volatilizes  slowly  at  ordinary  temperatures,  fuses  at  57°  C.  (134.6° 
F.),  and  boils  at  gS^  C.  (208**  F.),  with  partial  decomposition  into 
water  and  chloral.  Chloral  hydrate  is  readily  soluble  in  water. 
Under  the  influence  of  sunlight,  potassium  chlorate  decomposes  chloral 
with  violence. 

Chloral  combines  with  a  considerable  range  of  organic  substances. 
When  dissolved  in  alcohol  the  temperature  rises,  and  chloral  alco- 

holate  crystallizes  out,   CClaCH^^^^    When  triturated  with  an 

— U — ^jHj. 
equal  weight  of  camphor,  menthol,  thymol,  phenol,  salol,  or  acetanilid, 
chloral  hydrate  forms  a  dear,  liquid  mixture. 

Chloral   combines   with    ammonia    to  form    chloral-ammonia^ 
_   /H 
CCI3    C— OH,  a  white  crystalline  powder,  consisting  of  fine  needles, 

fusible  at  62**  to  64®  C.  (143.6®  to  147.2°  F.),  soluble  in  water,  and 
easily  decomposing  when  in  solution.  It  has  been  used  as  a  hypnotic 
in  doses  of  fifteen  to  thirty  grains. 

Compounds  of  Chloral. — Chloral  shows  a  readiness  to  combine 
with  the  compound  ammonias,  amids,  and  camphors.  Chloral- 
ammonium  (cliloralamid)y  chloral-formamid,  chloralimid, 
chloral-mentholy  chloral-urethane,  chloralose,  and  a  number 
of  like  compounds,  or  mixtures,  have  been  introduced  and  advocated 
as  remedies  for  various  purposes.   Most  of  these  are  mentioned  elsewhere. 

Action  on  the  Economy. — It  has  been  claimed  that  the  action 
of  chloral  on  the  economy  is  due  to  the  formation  of  chloroform  and 
a  formate,  by  decomposition  after  absorption,  or  in  the  intestine. 
Such  is  probably  not  the  case. 

When  taken  in  an  overdose,  chloral  acts  as  a  poison,  thirty  grains 
having  proved  fatal,  although  five  or  six  times  that  amount  has  been 
taken  by  others  with  no  bad  effect.  The  symptoms  of  poisoning  by 
chloral  are  not  uniform  or  very  characteristic.  Strychnine  has  been 
recommended  as  a  physiological  antidote.  The  stomach  should  be 
emptied,  and  stimulants  given  freely.  Death  is  likely  to  occur  from 
heart-depression.  If  chloral  is  habitually  used  for  a  long  time  it  in- 
duces a  chloral  habit. 
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Tests. — Chloral  m^  be  detected  in  the  contents  of  the  stomdch  by  render- 
ing them  alkaline  with  KOH,  heating  on  a  water-bath,  and  conducting  the  vapois 
through  a  red-hot  tube,  and  then  allowing  them  to  bubble  through  a  solution  of 
AgNOy  If  chloral  is  present  it  decomposes,  giving  oflf  chloroform,  which  isdc- 
composed,  in  passing  through  the  hot  tube,  into  HCl  and  free  chlorine.  The 
HCl  gives  a  wnite  precipitate  of  AgCl.  The  same  experiment  without  the  addi- 
tion of  KOH,  if  it  gave  positive  results,  would  prove  the  presence  of  chk>roform, 
and  not  chloral,  in  the  contents  of  the  stomach. 

Hypnal  is  a  crystalline  body  formed  by  the  action,  at  ordinary 
temperatures,  of  chloral  hydrate  upon  antipyrin  in  solution.  It  is  a 
tasteless,  odorless  body,  soluble  in  five  or  six  parts  of  water,  and  is 
used  as  a  hypnotic  and  anodyne. 

Croton  chloraly  or  butyl-chloral,  CgH^ClsCOH,  bears  the  same 
relation  to  butyl-alcohol  that  chloral  does  to  ethyl-alcohol. 

C,H,OH  CjftOH  CXljOH 

Aldehyde.  Chloral. 


Ethyl-alcohol. 

Butyl-akohoL  Butyl-aldehyde. 


C^HjOH  CJELOH  C4H^Cl,OH 

"*  ^    *  •  •    •  Trichlorbutyf-aldehyde, 


or  Croton  Chknd. 


It  is  prepared  by  substituting  aldehyde  for  alcohol  in  the  above 
described  process  for  the  preparation  of  chloral.  It  is  an  oily  liquid 
of  pungent  odor,  boiling  at  164®  C.  (327.2°  F.).  It  combines  with 
water  to  form  croton  chloral  hydrate,  butyl-chloral  hydras  (Br.), 
a  crystalline  solid  used  in  medicine  as  a  hypnotic. 

Ozimes. — When  hydroxylamin,  NH,OH,  is  made  to  act  on  aldehydes  or 
ketones,  a  molecule  of  water  is  eliminated  and  there  results  a  compound  whicli 
18  called  an  ozime.  Those  derived  from  an  aldehyde  are  called  aloozimes  and 
those  from  ketones  are  called  ketozimes. 

CH,COH  +  NHjOH  -  CH,C=NOH  +  H,0. 
Acetaldehyde.  Acetaldozime. 

^H*>CO     +     NH,OH     -     ^|[J»>C=NOH. 
Acetone.  Acetketozime. 

Chloral-ozimeSy  a  class  of  bodies  formed  by  the  reaction  of 
hydroxylamin  with  aldehydes  and  ketones,  and  have  recently  been 
recommended  as  hypnotics. 

The  following  chloral -oximes  have  been  prepared  and  used  as  hypnotics: 

Chloral-acetoxime,CCl,COH,.ON/^^;  chloral-acctaldoxime,  CH,CH,- 

NOCH(OH)CCI,;  chloral-benzaldozime,  QH4CH-NOCH(OH)CCl,;  chlo- 
ral-camphorozime,  CioH„«=NOCH(OH)CCV  All  these  oxunes  are  crystal- 
line compounds  easily  soluble  in  alcohol  and  ether,  and  are  decomposed  by  hot 
water. 

Chloralose,  or  anhydrogluco-cbloral,  CsHiiCl^Oe,  b  the  name  given  to  a 
pound  formed  by  heating  chloral  and  glucose  for  one  hour  at  100^  C.  (a  12^  F.). 

CCljCOH  +  QH„Oo  -  CsHijCljOe  +  H,0. 
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it  forms  fine,  colorless  needles,  meltinff  at  184®  C.  (363®  F.).  It  is  soluble  in  170 
parts  of  water  at  15®  C.  (59^  F.),  readily  soluble  in  alcohol  and  ether.  It  has  a 
bitter  taste.  It  has  been  recommended  as  a  substitute  for  chloral,  and  is  claimed 
to  be  free  from  the  unpleasant  after-effects  of  chloral  upon  the  heart. 

Te«t8  tor  the  Aldehydes.— i.  With  the  exception  of  formaldehyde,  they 
resinify  and  turn  dark  with  the  alkalies. 

2.  Reduction  of  an  ammoniacal  silver  nitrate  solution.  This  solution  is  pie- 
pared  by  adding  excess  of  KOH  to  a  solution  of  AeNO^  and  then  NH4OH  until 
the  precipitated  Ag^O  dissolves.  When  this  solution  is  warmed  in  a  test  tube 
with  a  dilute  aqueous  solution  of  an  aldehyde,  the  sUver  is  reduced  and  forms 
a  mirror  on  the  sides  of  the  tube. 

3.  An  aldehyde  restores  the  red  color  of  solutions  of  magenta  which  have 
been  decok>rized  with  H^O|. 

4.  They  reduce  Fehhng's  sohitions. 

ACETALS. 

The  aldeh3rdes  when  wanned  with  alcohols,  in  presence  of  a  small 
quantity  of  hydrochloric  or  acetic  add,  combine  with  them  with  the 
dimination  of  water. 

CH,CHO  H-  aCJH,OH  -  H,0  +  CH,.  CH<:9S»2» 
Aldehyde       Ethyl-a^»lioL  AcetdL 

Such  compounds  are  called  acetate.  They  may  also  be  formed 
by  the  slow  oxidation  of  the  alcohol,  when  the  aldehyde  formed  com- 
bines with  a  part  of  the  alcohol.  They  may  be  r^arded  as  compounds 
formed  by  replacing  the  oxygen  of  an  aldehyde  with  two  oxyalkyl 
radicals. 

Metiiylaly  C^<Coch  ^  obtained  by  oxidizing  methyl-«dcohol  with  sul- 
phuric add  and  manganese  dioxide,  distilling  the  mixture,  and  collect!^  that  por- 
tion coming  over  between  40®  C.  and  50**  C.  (104®  F.  and  122®  F.).  The  product 
is  redistilled,  and  freed  from  water  by  standing  in  contact  with  dry  K^CO^  The 
reaction  is  first  to  oxidize  a  part  of  the  methyl-alcohol  to  formaldehyde,  which 
reacts  upon  more  CH,OH. 

CH,0  +  2CH,OH  -  CH,^^  +  H,0. 

Methylal  is  a  colorless,  mobile  liquid,  with  a  penetrating  ethereal  odor,  and 
boiling  at  42®  C.  (107.6**  F.).  It  is  soluble  in  thirteen  parts  of  water,  and  in  al- 
cohol, ether,  fixed  and  volatile  oils.  It  should  not  decolorize  potassium  perman- 
ganate solutions  acidified  with  sulphuric  acid.  Strong  H^04  decomposes  it,  but 
alkalies  do  not. 

It  has  been  used  as  a  h3rpnoUc,  and  as  a  cerebral  sedative. 
OP  w 

Acetal,  CH,CH<Q^»g»    is  formed  when  acetic  aldehyde  Is  heated  with 

alcohol  for  some  time,  with  about  one  per  cent,  of  HCl. 

CH,  ""COH  +  aCflfiB.  -  CH,  ""  CH  ^^^*  +  H,0. 
Aldehyde.  AlcoboL  AceUL 

as 
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It  is  also  found  in  raw-grain  alcohol. 

It  is  a  colorless  liquid  of  agreeable  taste,  boiling  at  104^  C.  (2x9^  F.)- 

kbtohes. 

These  bodies  are  the  first  result  of  the  oxidation  of  secondary 
alcohok — L  e.,  upon  an  alcohol  that  contains  the  group  H-C-O-H 

instead  of  HjCOH,  as  in  the  primary  alcohols. 

The  ketones  all  contain  the  group  CO.  The  relation  of  these 
bodies  will  be  made  clear  by  the  following  graphic  formula: 

H— 6— O— H-fO    =    6=0     +     H,0.       (!:=H*  +  o  =  (!:=H,  +  H,0. 

C^^£i«  C'^m.^  C^zIt|  C^zrij 

Itopropvi-  Dimethyl-ketone,  Propyl-  Propyl- 

alcohol.  or  Acetone.  alcohol.  aldehyde. 

In  the  nomenclature  of  the  ketones,  the  name  is  made  to  contain 
the  names  of  all  the  radicals  attached  to  the  CO"  group.  Thus, 
methyl-ethyl-ketone  would  express  the  name  of  the  following: 

CH,— CO— C;H, 

Ketones  are  distinguished  from  aldehydes  by  their  behavior  with 
reagents. 

Nascent  hydrogen  regenerates  the  secondary  alcohol  from  ketones 
and  a  primary  alcohol  from  aldehydes.  Oxidation  produces  with 
aldehydes  the  corresponding  acid  having  the  same  number  of  carbon 
atoms,  while  the  oxidation  of  ketones  splits  the  molecules,  with  the 
formation  of  two  acids. 

^— "»  Acetic  Formic 

Acetone.  Add.  Add. 

Ketonic  Alcohols  or  Hydroxy-ketones.— The  oxidation  of  a 
jx)lyatomic  alcohol  may  give  rise  to  compounds  having  both  the  ketone 
and  the  alcohol  groups: 

CH, .  CO  .  CHjOH. 
Acetone  Alcohol. 

Alcoholic  aldehydes  are  also  known. 

Acetone,  acetyl-methylid,  dimethyl-ketoneyacetonum  (U.S.P.), 
(0113)300,  is  formed  by  the  dry  distillation  of  the  acetates,  sugar, 
tartaric  acid,  and  by  a  number  of  other  reactions,  It  is  usually  obtained 
by  the  distillation  of  calcium  acetate. 
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2Ca(CAO,),  -  2(CH,),CO  +  2CaCO,. 
Cakaum  Acetote.  Acetone.  Caldum 

Carbonate. 

It  may  be  prepared  by  passing  the  vapor  of  a  sixty  per  cent,  acetic 
add   through   a   rotating   tubular   still,  containing   pumice-stone   or 
barium  carbonate,  heated  to  a  dull-red  heat  (Squibb). 
aHQftO,  -  C,H«0  +  CO,  +•  H,0. 

Acetone  is  present  in  very  small  quantities  in  normal  urine  and 
blood,  but  in  larger  quantities  in  the  acetonuria  of  diabetes  mellitus 
(p.  641).  It  is  a  transparent,  colorless  liquid,  having  a  peculiar  ethereal 
odor.  It  is  miscible  with  alcohol  and  ether.  It  is  miscible  in  water, 
but  separates  on  the  addition  of  salts.  It  shows  the  aldehyde  reaction 
with  fuchsin  and  sulphurous  acid.  It  is  a  good  solvent  for  resins, 
fats,  camphor,  gun-cotton,  etc.  It  is  used  as  a  solvent  in  varnish 
manufacture.  Its  sp.  gr.  is  9.790  at  25®  C.  (77°  F.).  It  boils  at  56*^  C. 
(132.8®  F.).  Chlorine,  hypochlorites,  or  bromine,  in  presence  of  alka- 
lies, converts  it  into  chloroform  or  bromoform,  and  this  reaction  is 
employed  for  the  preparation  of  chloroform.  For  the  detection  of 
acetone  see  page  642. 

ORGAmC  ACIDS. 

The  characteristic  feature  of  an  organic  acid  molecule  is  that  it 
must  contain  the  carboxyl  group — COOH.*  The  basicity  of  the  acid 
will  depend  upon  the  number  of  these  groups  contained  in  its 
molecule.  The  organic  acids  partake  of  the  general  properties  of  the 
inorganic  acids.  They  may  be  referred  to  5ie  water  type,  and  be 
considered  as  one  or  more  molecules  of  water,  in  which  one-half  the 
hydrogen  has  been  replaced  by  an  organic  compound  radical  con- 
taining oxygen — a  negative  radical — while  the  remaining  hydrogen 
remains  as  replaceable  or  basic  hydrogen. 

Water.  Acetic  Add.  Tartaric  Add. 

As  in  inorganic  adds,  only  those  hydrogen  atcms  which  are  linked 
to  the  radical  by  oxygen  are  replaceable  by  a  metal  or  basic  radical. 
Organic  adds  may  be  formed  by  the  oxidation  of  primary  alcohols  or 
aldehydes.  Many  other  organic  bodies  funush  adds  among  their 
oxidation  products,  when  the  oxidation  is  violent  enough  to  disrupt 
thdr  molecules.    In  the  case  of  the  primary  alcohols  and  aldehydes 

♦  There  are  a  few  exceptions  to  this  statement.  Hydrocyanic  add,  HCN;  cyanic 
add,  H-O-CN  ;  and  uric  acid,  QH^N^O,,  are  included  in  these  exceptions. 
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no  such  disturbance  of  the  molecule  takes  place.  The  presence  of 
an  alkali  favors  the  formation  of  an  add  by  oxidation. 

Adds  may  be  monobasiC|  dibasiC|  tribasiC|  etc.,  according  as 
their  molecules  contain  one,  two,  three,  etc.,  carboxyl  groups 
— COOH.  Adds  may  also  contain  one  or  more  hydroxyl  groups, 
OH,  which  are  not  basic,  because  not  immediatdy  attached  to  or 
associated  with  CO,  to  form  the  carboxyl  group.  The  hydrogen  of 
these  hydroxyl  groups  is  called  alcohoUc  hydrogen,  to  distinguish 
it  from  the  other  replaceable  hydrogen,  designate  as  basic*  The 
number  of  hydroxyl  groups  in  a  molecule  of  dther  an  alcohol  or  an 
add  is  said  to  be  its  atomicity.  It  is  evident  that  the  atomidty  of 
an  add  may  be  greater  than  its  basidty,  when  it  is  said  to  be  an 
alcohol  add. 

Lactic  acid|  HOOC .  CH, .  CH, .  OH,  is  a  good  example  of  a  dia- 
tomic and  monobasic  add. 

The  number  of  organic  adds  known  is  very  large;  only  a  few  of 
the  most  prominent  ones  can,  therefore,  be  mentioned  here. 

Of  the  many  series  of  adds,  the  most  numerous  and  important  are 
those  of  the  acetic  or  fatty  acid  series,  corresponding  to  the  marsh- 
gas  series  of  hydrocarbons. 

The  adds  of  this  series  are  obtained  by  the  oxidation  of  the  corre- 
qx>iiding  alcohols  or  aldehydes. 

CJL— O— H  +  O,  -  C AO— O— H  +  H,0. 
Alcohol.  Acetic  Add. 

C,H,^2  +^1  -  2CAO— O— H. 
Aldehyde.  Acetic  Add. 

They  may  also  be  obtained  by  the  action  of  the  alkaline  hydroxides 
upon  the  cyanides  of  the  radical  of  the  next  lower  alcohol. 
CHjCN  +  KOH  +  H,0  -  NH,  +  KC,H,0,. 

A  few  have  been  obtained  by  synthesis,  starting  with  carbon  mon- 
oxide. 

CO  +  KOH  -  CHOO— K. 
Potus.  Formate. 

THE  FATTY  ACIDS,  OR  ALIPHATIC  ACIDS. 

The  following  is  a  list  of  the  prindpal  members  of  the  fatty-add 
series.  General  formula,  CnH^n+iCOOH.  They  are  all  saturated 
adds — i.  e.f  formed  from  saturated  hydrocarbons. 

Isomerism  among  the  adds  of  this  group  is  confined  to  the  hydro- 
carbon radicals.  Thus,  there  will  be  two  isomeric  adds  of  the 
formula  CjHyCOOH,  because  there  are  two  propyl  radicals. 
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Fattt  Acids. 


Formic  add,  HCOOH 

Acetic  add,  CH,COOH, 

Propionic  add,  C^jCOOH 

Butyric  add,  CjH^COOH 

Valerianic  add,  C^HJCOOH, 

Caproic  add,  QHuCOOH, 

Enanthylic  add,  CeH„COOH, . . . 

CapryUc  add,  QHjjCOOH, 

Pelargonic  add,  CUI^COOH,... 

Capric  add,  C^,,COOH, 

Laurie  add,  C«H-COOH, 

Myristic  add,  C,AiCOOH, 

Palmitic  add,  CuHnCOOH, 

Margaric  add,  C,eHaCOOH, 

Stearic  add,  CjyH^COOH, 

Arachidic  add,  C  JH-COOH, 

Behenic  add,  Cj„H4,COOH, 

Hyenic  add,  Cj^H^COOH, 

Cerotic  add,  Ca^»COOH 

Melissic  add,  CJdJCOOH, 


Fusing 

BonjMO 

Point. 

Point. 

4^C. 

ioo«>C. 

I7«C. 

ii8<»C. 

-21OC. 

MO^C. 

-20*>C. 

i62«>  C. 

-i6«>  C. 

185°  c. 

-   2°C. 

2050  c. 

-loO  C. 

224°  c. 

14^  C. 

236^  c. 

iS^C. 

254°  C. 

3o«C. 

27o*>  C. 

43"  c. 

•  •  • 

54°  C. 

... 

62OC. 

... 

6o<»C. 

7o«>C. 

... 

75°  C. 

... 

76°  C. 

... 

77°  C. 

... 

8o*>C. 

•  •  • 

90OC. 

... 

OcCDimiNCK. 


Red  ants,  nettles. 

Vinegar. 

Sweat,  oiddation  of  oils. 

Randd  butter. 

Valerian-root. 

Randd  butter. 

Oiddation  of  castor  oil. 

Randd  butter,  cocoanut  oil. 

Geranium-leaves. 

Butter. 

Bay-berries. 

Cocoanut  oil,  nutmeg, 

butter. 
Palmitic  add,   palm  oil, 

animal  fats. 
Synthesb. 

Most  solid  animal  fats. 
Certain  vegetable  oils. 


Fat  of  hyena. 
Beeswax. 


MONATOUC  MONOBASIC  ACID6. 

CnHsDO|'=  CaHsD  +  iCOOH. 

Of  the  large  number  of  adds  in  this  group,  we  shall  notice  formic, 
acetic,  butyric,  valerianic,  palmitic,  and  stearic. 

Fonnic  acid,  CHOO-H,  is  a  colorless  liquid,  of  a  very  add 
reaction  and  sharp,  pungent  odor.  It  boils  at  about  100®  C.  (212*^ 
P.),  and  solidifies  at  about  o®  C.  (32®  F.).  It  exists  ready  formed 
in  the  red  ant,  stinging-nettle,  and  pine-needles.  It  acts  as  a  redudng 
agent,  redudng  silver  and  mercury  salts  and  depositing  the  metals. 
It  is  used  in  silvering  glass,  to  reduce  the  silver  which  deposits  upon 
the  walls  of  the  containing  vessel.  The  best  method  of  obtaining  it 
is  by  heating  to  about  100®  to  no®  C.  (212®  to  230®  F.)  pure  anhy- 
drous glycerin  and  dry  oxalic  add,  adding  more  oxalic  add  from  time 
to  time,  and  continuing  the  distillation.  Carbon  monoxide  dissolved 
in  potassiiun  hydroxide  yields  some  potassium  formate. 

Acetic  acid,  Acidum  Aceticum  (U.  S.  P.,  Br.),  CjH,00-H,  occurs 
in  the  form  of  acetates  in  some  vegetable  and  animal  fluids.    It  is  ob- 
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tained  by  the  fermentation  of  saccharine  fluids  after  they  have  under- 
gone the  alcoholic  fermentation,  or  by  the  dry  distillation  of  wood, 
starch,  etc. 

In  distilling  wood,  gases,  methyl-alcohol  (wood-spirit),  acetic  add, 
water,  creosote,  and  tar  are  obtained.  The  liquid  portion  is  distilled 
at  a  gentle  heat,  when  the  alcohol  is  separated.  '  The  remaining  liquid, 
containing  the  acetic  add,  is  saturated  with  sodium  carbonate,  evapo- 
rated to  dryness,  and  heated  to  250°  to  350°  C.  (482*^  to  662°  F.) 
to  char  the  tarry  matters.  The  residue,  containing  sodium  acetate,  is 
dissolved  in  water,  filtered,  evaporated,  and  allow^  to  crystallize  out. 
If  the  free  add  is  desired,  the  residue,  after  carbonizing,  is  distilled 
with  a  slight  excess  of  sulphuric  add.  This  gives  a  colorless,  strongly 
add,  sour  smelling  liquid,  which  crystallizes  at  about  17°  C.  (63°  F.)  and 
is  known  as  glacial  acetic  acid,  acidum  aceticum  glaciale  (U.  S.  P.). 

Acidum  aceticum  diiutum  (U.  S.  P.)  contains  not  less  than  6  per 
cent,  by  weight  of  absolute  add  and  about  94  per  cent,  of  water. 

Acetic  add,  when  applied  to  the  skin,  bhsters  and  causes  consider- 
able pain.  When  not  too  strong  it  acts  as  a  styptic.  It  is  soluble  in 
water,  alcohol,  and  ether  in  all  proportions.  It  dissolves  resins,  cam- 
phor, fibrin,  and  coagulated  albumin.  It  predpitates  mudn,  and  is 
used  to  separate  this  body  from  its  solutions.  It  is  also  used,  with  the 
aid  of  heat,  as  a  test  for  albumin. 

Substitution  products  of  acetic  add  may  be  formed  at  two  points. 
The  basic  hydrogen  may  be  exchanged  for  a  metal,  electropositive 
radical  or  any  alkyl  radical.  Substitutions  may  also  be  made  for 
the  hydrogen  atoms  of  the  methyl  group.  Thus,  under  the  action  of 
chlorine,  acetic  add  furnishes  a  series  of  chlorine  substitution  com- 
pounds, in  which  the  chlorine  is  substituted  for  the  hydrogen  of  the 
radical;  thus  we  have  monochlor-,  dichlor-,  and  trichlor-acetic  acids. 
C,H,C10,H,  C,HC1,0,H,  and  C,C1,0,H. 

The  last  of  these  is  mentioned  elsewhere  as  a  test  for  albumin  in 
urine.  By  heating  the  monochloracetic  add  with  ammonia,  the  amidd- 
gen  group,  NHj,  may  be  substituted  for  the  CI,  giving  amidoacetic 
acid  or  glycocol,  which  will  be  referred  to  again. 

Vinegar. — ^This  name  is  given  to  the  mixture  obtained  by  the 
fermentation  of  wine,  cider,  whisky,  molasses,  infusion  of  malt,  etc., 
under  the  influence  of  the  growth  of  mycodeima  aceti,  and  should 
contain  at  least  four  per  cent,  of  acetic  add. 

C,H,OH  +  O,  -  C  AO— O— H  +  H,0. 

Alcoholic  fermentation  always  precedes  the  acetous. 

As  vinegar  always  contains  more  or  less  of  this  ferment,  called 
mother  of  vinegar,  it  is  customary  to  add  some  of  this  fluid  to  start 
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the  process.  The  fennentation  takes  place  slowly,  in  vats  or  casks, 
because  of  the  small  amount  of  surface  presented  to  the  air.  The 
process  is  rendered  very  much  more  rapid  by  allowing  the  fluid  to 
trickle  over  beech-wood  shavings  or  chips,  placed  upon  trays  or  in 
perforated  barrels,  so  as  to  expose  a  large  surface  to  the  air.  After 
having  passed  over  the  shavings  four  times,  it  will  be  found  to  be 
pretty  thoroughly  acetified.  The  temperature  should  be  kept  at  about 
2S°C.(77*^F.). 

The  vinegar  of  the  market  is  frequentiy  contaminated  or  adulterated 
with  (i)  water;  (2)  mineral  acids,  especially  'sulphuric;  (3)  metallic 
impurities,  as  arsenic,  lead,  zinc,  copper,  and  tin;  (4)  wood-vinegar; 
(S)  organic  substances,  such  as  coloring  matters,  capsicum,  etc. 

The  addition  of  water  can  only  be  detected  by  the  estimation  of 
the  percentage  of  acetic  acid. 

The  most  objectionable  adulterant  is  sulphuric  acid.  The  simplest  method  of 
detecting  free  mineral  acids  is  to  evaporate  a  portion  of  the  vinegar  to  dryness;  heat 
the  residue  to  dull  redness  for  some  time,  to  convert  the  acetates  of  the  alkaline 
metals  into  carbonates,  which  salts  can  easily  be  detected  by  their  effervescence  with 
hydrochloric  acid.  If  any  free  mineral  acid  existed  in  the  vinegar,  it  would  expel 
the  acetic  acid  from  the  alkali  metals  and  convert  them  into  inorganic  salts,  which 
remain  unchanged  on  ignition. 

Another  test  for  mineral  acids  is  methyl-violet.  Two  or  three  drops  of  a  solu- 
tion of  this  compound  (o.i  to  100)  are  added  to  25  c.c.  of  vinegar.  If  0.2  per  cent, 
of  any  mineral  acid  be  present,  the  color  is  blue;  if  0.5  per  cent.,  blue-green;  if  i 
per  cent.,  green. 

A  simple  test  for  sulphuric  acid  is  to  evaporate  a  portion  to  dryness  in  a  white 
porcelain  dish,  with  a  little  cane-sugar.  Near  the  end  of  the  process,  the  residue 
becomes  black  by  the  charring  of  tne  sugar  by  the  acid.  The  poisonous  metals 
likely  to  be  found  are  mercury  (corrosive  sublimate),  copper,  arsenic,  and  lead. 
These  metals  may  be  detected  by  saturating  the  vinegar  with  hydric  sulphide,  or  by 
separate  tests  for  each.  Burned  sugar,  capsicum,  etc.,  may  be  detected  by  taste  or 
odor  in  the  residue  left  on  evaporation.  The  acetates  are  eliminated  from  the  body 
as  carbonates. 

Propionic  acid,  CJIeCOOH,  is  a  colorless  liquid,  boiling  at  140®  C.  (284®  F.). 
It  resembles  acetic  acid  in  odor  and  taste.  Its  salts  are  soluble  and  crystallizable. 
It  is  best  prepared  by  heating  ethyl-cyanide — propio-nitril — with  KOH  until  the 
odor  of  ether  has  disappeared,  when  the  propionate  of  potassium  is  obtained.  The 
acid  may  be  obtained  by  decomposing  this  salt  with  H^SOf.  The  acid  is  produced 
during  the  putrefaction  of  various  organic  bodies,  and  in  the  destructive  distillation 
«  of  wood  and  of  resin. 

Butyric  Acid.— C4H7O .  O-H.  This  acid  is  found,  with  other 
fatty  acids,  in  butter,  human  perspiration,  feces,  flesh-juice,  and  in 
some  beetles.  It  exists  in  butler  as  a  glycerid  or  glyceric  ether. 
Pathologically,  it  appears  in  a  free  state  in  urine,  blood,  and  ovarian 
cysts,  and  in  the  sputa  of  gangrene  of  the  lung  and  bronchiectasis. 
It  also  appears  in  the  intestinal  contents  as  the  result  of  a  secondary 
fermentation  of  saccharine  articles  of  food. 


376  MEDICAL  CHEMISTRY. 

It  is  best  prqpared  by  maintaining  at  a  temperature  o(  35®  to  40*^ 
C.  (95^  to  104^  F.)  a  solution  of  sugar  containing  lime  or  chalk  and 
sour  milk  or  rotten  cheese.  A  mixture  of  ten  parts  of  sugar,  one  part 
of  cheese,  and  ten  parts  of  dialk  answers  very  well.  Lactate  of  caldum 
is  first  produced,  which  afterward  changes,  imder  the  influence  of  the 
ferment  of  cheese,  into  butyrate  of  calcium.  The  solution  should 
remain  alkaline  or  neutral.  Carbon  dioxide  and  hydrogen  are  set 
free.  When  the  fermentation  is  finished,  thirty  or  forty  parts  of  crys- 
tallized sodium  carboiiate  are  added,  and  the  mixture  warmed  and 
filtered.  The  filtrate  is  evaporated  nearly  to  dryness,  and  hydro- 
chloric or  sulphuric  add  added,  which  sets  free  the  butyric  add  as 
an  oily  layer,  which  may  be  purified  by  distillation.  Butyric  add  is 
a  colorless  liquid,  boiling  at  162°  C.  (323®  F.),  with  the  characteristic 
penetrating  odor  of  randd  butter.  It  is  soluble  in  pure  water,  but 
separates  if  soluble  salts  are  added  to  the  solution.  It  is  soluble  in 
alcohol,  oils,  and  ether.    The  butyrates  are  all  soluble  in  water. 

Isobutyric  acid,  an  isomer  of  the  foregoing,  is  obtained  by  the  oxi- 
dation of  secondary  or  isobutylic  alcohoL  The  following  graphic 
formulae  show  the  constitution  of  these  bodies: 

H    H    H    H  H    H    H 


I'll 


H— C— C— C— C_Q_I£ 


k^AA  k  ik  k 

ButyUc  Alcohol.  Butyric  Add. 

H    H    H  H    H    H 


H— 6— C— C— H  H— i— i— t— H 

III  III 

H  H  H  H 

H-C-«_H  ^-O-H 

laobutyl-alcohol.  Isobutyric  Add. 

Valeric  or  Valerianic  Acids. — C^H^COOH.    Four  isomeric  vale- 
ric acids  are  possible,  three  of  which  are  known. 

Normal  valeric  acid,  CHaCHaCHaCHaCOOH,  occurs  in  angelica 
and  valerian  roots,  and  its  ammonium  salt  is  formed  by  the  putrid 
fermentation  of  albuminoid  matters.  It  is  sometimes  found  in  the  • 
urine  and  feces  in  small-pox,  typhus  fever,  and  yellow  atrophy  of 
the  liver.  It  is  best  prepared  by  the  oxidation  of  amylic  alcohol.  A 
mixture  of  one  part  of  amyl-alcohol  and  four  parts  of  concentrated 
sulphuric  add  is  run  slowly  into  a  retort  containing  four  parts  of  water 
and  five  of  potassium  diclmimate.  The  first  product  is  valeraldehyde, 
which  distils  over.  By  elevating  the  beak  of  the  retort  so  as  to  run 
the  aldehyde  back  into  the  oxidizing  mixture,  it  is  changed  into  valeri- 
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anic  add.  The  mixtiire  is  finally  distilled,  the  distillate  neutralized  with 
sodium  carbonate,  evaporated,  and  decomposed  with  sulphuric  add. 

Valeric  acid  is  a  thin,  oily  liquid,  boiling  at  175®  C.  (347®  F.)  and 
possessing  a  sour,  old-cheese  odor.  The  most  of  the  valerates  are 
soluble  in  water,  and,  when  moist,  smell  like  the  acid. 

Valerates  of  ammonium^  quininei  iron,  and  zinc  are  used 
in  medidne,  and  are  official. 

Palmitic  acid,  CjjHaCOOH,  is  the  first  of  the  fatty  adds,  prop- 
erly so  called,  which  occurs  in  the  animal  and  vegetable  fats  and  forms 
true  soaps  with  the  alkalies.  On  a  large  scale,  palmitic  add  is  made 
from  palm  oil.  The  oil  is  decomposed  in  a  still  by  superheated  steam 
at  a  temperature  of  about  315®  C.  (599*^  F.).  When  the  condensed 
liquid  is  run  out  into  receivers,  it  separates  into  two  layers,  the  upper 
of  which  consists  of  the  free  fatty  adds.  On  cooling,  palmitic  add 
forms  a  white,  crystalline  solid,  and  is  used  for  making  candles.  It 
may  also  be  prepared  on  a  smaller  scale  by  boiling  palm  oil  with 
potassium  carbonate,  which  converts  it  into  potassium  palmitate  and 
oleate.  On  decomposing  these  salts  with  dilute  H^SO^,  the  mixture 
of  palmitic  and  oldc  adds  separates.  This  is  washed,  dried,  and 
dissolved  in  hot  alcohol,  from  which  the  palmitic  acid  crystallizes, 
leaving  the  oldc  add  in  solution.  Palmitic  add  crystallizes  in 
needles  which  fuse  at  62*^  C.  (143.6°  F.).  It  is  insoluble  in  water  and 
soluble  in  alcphol  and  ether.  It  decomposes  on  distillation,  except  in 
the  presence  of  water. 

Adipocere,  a  wax-like  mass  which  is  sometimes  left  when  animal  bodies  de- 
compose in  the  earth,  is  a  mixture  of  the  palmitates  of  calcium,  ]x>tassium,  and  oc- 
casionally ammonium.  This  substance  is  formed  especially  in  bodies  buried  in 
damp  soil,  or  in  bodies  which  remain  in  the  air  some  time  after  death.  It  is  found  to 
occur  in  muscles  in  a  definite  order.  The  amount  of  adipocere  present  is  a  good 
gage  of  the  time  a  body  has  been  dead. 

Stearic  acid,  acidum  stearicum  (U.  S.  P.),  CiyHj^COOH,  exists 
as  a  glycerid  in  all  solid  animal  fats,  and  in  many  oils.  It  may  be  pre- 
pared from  tallow  by  boiling  it  with  potassium  carbonate,  decomposing 
the  resulting  soap  with  HCl,  separating  the  fatty  adds,  drying,  and  dis- 
solving in  a  large  quantity  of  hot  alcohol.  Afterward,  the  hot  solution 
in  alcohol  is  partly  predpitated  by  a  strong  solution  of  barium  acetate. 
The  predpitate  is  decomposed  with  HCl,  when  stearic  add  precipi- 
tates. This  is  collected,  washed,  dried,  and  recrystallized  from  alcohol. 
Stearic  add  is  a  white,  crystalline  solid  of  the  same  sp.  gr.  as  water,  fus- 
ing at  69®  C.  (156.2®  F.).  Stearic  add  exists  in  fats  as  stearin,  mixed 
with  pahnitin  and  olein.  Stearic  add  is  insoluble  in  water,  but  soluble 
in  alcohol  and  ether.  It  bums  with  a  luminous  flame,  and  is  much 
employed  in  the  manufacture  of  candles  and  soaps.    The  so-called 
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stearine  candles  are  a  mixture  of  palmitic  and  stearic  acids.  Both 
palmitic  and  stearic  acids  are  found  in  the  free  state  in  the  intestines 
during  the  digestion  of  fats,  a  portion  of  which  are  decomposed  by 
the  action  of  the  pancreatic  juice,  and  are  sometimes  found  as  white 
masses  in  the  stools. 

Margaric  acid,  QsHsgCOOH,  is  obtained  synthetically.  The 
substance  formerly  known  by  this  name,  and  supposed  to  exist  in 
natural  fats  under  the  name  of  margarin,  is  a  mixture  of  palmitin  and 
stearin. 

MONOBASIC  UNSATURATED  ACIDS. 

The  adds  derived  from  the  olefins  are  numerous,  but  are  mostly  of 
scientific  or  theoretical  interest.  There  is  no  acid  corresponding  to 
CH,  :  CHj,  since  a  carboxyl  group  can  not  be  formed.  Corresponding 
to  allylene,  C^B^y  we  have  allyl  alcohol,  C,H,-OH;  acrolein  or 
acrylic  aldehyde,  QHj.OH;  and  acrylic  acid,  C2H3COOH,  a 
colorless  liquid  with  a  pungent  smell.  Crotonic  acid,  CH3 .  CH  :  - 
CH  .  CO  .  OH,  is  the  next  homologue,  which  is  a  white  solid,  melting 
at  72®  C.  (161.6°  F.).  It  derives  its  name  from  croton  oil,  from  which 
it  was  originally  obtained. 

Oleic  acid,  acidum  oleicum  (U.  S.  P.,  Br.),  C^HaCOOH,  is 
the  most  important  acid  of  this  series,  which  is  often  called  the  oleic 
series.  Oleic  acid  occurs  as  triolein  in  most  fats  and  oils.  It  is 
prepared  by  boiling  olive  oil  with  potassium  carbonate,  decomposing 
the  solution  with  HCl,  collecting  the  oily  layer  which  separates,  and 
heating  it  with  litharge  to  100®  C.  (212®  F.)  for  some  hours,  when  a 
mixture  of  oleate,  palmitate,  and  stearate  of  lead  is  formed.  The 
oleate  is  dissolved  out  of  the  mixture  with  ether,  and  the  solution  shaken 
with  HCl  to  precipitate  the  lead.  The  ether  is  then  distilled  away,  and 
the  impure  oleic  acid  is  dissolved  in  ammonia  and  precipitated  by 
BaClj.  The  barium  oleate  is  recrystallized  from  alcohol,  and  finally 
decomposed  by  tartaric  acid.  Oleic  acid  is  a  yellowish  or  brownish-yel- 
low, oily  liquid,  having  a  peculiar,  lard-like  odor  and  taste,  and  be- 
comes darkened  on  exposure  to  the  air.  Its  sp.  gr.  is  about  0.900. 
It  is  insoluble  in  water,  soluble  in  alcohol,  chloroform,  benzene,  oil 
of  turpentine,  and  other  fixed  and  volatile  oils.  At  about  4®  C.  (39®  F.) 
it  becomes  semisolid,  and  at  lower  temperatures  a  whitish,  solid  mass. 
It  can  not  be  distilled  without  decomposition,  except  in  the  presence 
of  steam.  When  heated  to  about  95®  C.  (203*^  F.)  it  begins  to  de- 
compose, giving  off  acrolein  vapors.  Its  alcoholic  solution  has  a  faintly 
acid  reaction  upon  litmus  paper.  Equal  volumes  of  oleic  acid  and 
alcohol  should  give  a  clear  mixture  at  ordinary  temperatures,  but  if 
any  oil  be  present  it  separates  in  drops.    Oleic  acid  is  a  by-product 
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in  the  manufacture  of  candles.  The  commercial  acid  absorbs  oxygen 
readily  when  exposed  to  the  air.  By  the  action  of  nitrous  add,  or 
nitrous  fumes,  oleic  add  is  converted  into  isomeric  elaidic  acid,  a 
solid,  crystalline  add,  fusing  at  45°  C.  (113®  F.).  This  add  is  formed 
in  the  preparation  of  unguentum  hydrargyri  nitratis  (U.  S.  P.). 
The  nitrous  fumes  given  off  convert  the  oleic  add  of  the  oil  or 
lard  into  elaidic  add,  which  exists  in  the  ointment  in  combination 
with  mercury. 

Linoleic  acid,  Ci7H,iCO,H,  is  an  unsatiirated  add  which  occurs  as  a  glycerid 
in  linseed  oil  and  in  other  drying  oils — viz.,  hemp  oil,  poppy  oil,  and  nut  oil. 
It  absorbs  oxygen  very  readily,  and  is  converted  into  a  resinous  mass.  The  drying 
of  these  oils  is  due  to  this  property  of  this  acid. 

Ricinoleic  acid,  CuH^^O,,  is  an  unsaturated  hydroxy-acid  found  in  castor  oil. 


ACmS  DERIVED  FROM  GLYCOL. 

The  glycols,  it  will  be  remembered,  are  diatomic  alcohols,  and  by 
oxidation  may  give  rise  to  two  series  of  adds,  thus; 


^— OH 

Ethykne^ljool. 

^— OH 
C=H. 


+  0,= 


+  aO,= 


Etbytene-glycol. 


^— OH 

GlycoUc  Add. 
^— OH 

^OH 
OzaHc  Add. 


+  H,0 


+  2H,0. 


and 


The  other  glycols  can  in  the  same  manner  furnish  two  series  of 
adds:  the  one  diatomic  and  monobasic,  and  known  as  the  lactic  acid 
series ;  and  the  other  dibasic,  and  known  as  the  oxalic  or  succinic 
series.    These  glycols  and  adds  are  as  follows: 


Gltcol  Series. 

CIH/OH). 
Ethyioe-glyool. 


C,H.(OH). 
Propylene-glyool. 


^4*ia-OH 
Butykne-glTOol. 


Lactic  Series. 
^„  — COOH 
^"^OH 
Glycolic  Add. 

p  „  —COOH 

Lactic  Add. 

^  „  —COOH 
^-J*^— OH 
Hydrozybutyric  Acid. 


Oxalic  Series. 
CO.OH 

CO.OH 

Oxalic  Add. 

P„  —COOH 

^**«— COOH 

Malonic  Add. 

r  n  —COOH 

'^•"*— COOH 

Sucdoic  Acid. 
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Glycolic  acid,    '  ^^^  „  >  is  found  in  unripe  grapes  and  in  the 

green  leaves  of  the  Virginia  creeper.  When  pure,  it  forms  large, 
regular  crystals,  which  deliquesce  in  moist  air  and  melt  at  79®  C. 
(174^  F.). 

Lactic  Acid,  Hydroxy-propionic  Acid,  Acidum  Lacticiim 
(U.  S.  P.,  Br.). — ^There  are  at  least  three  isomeric  lactic  acids  known, 
and  a  fourth  has  been  described.    There  are  but  two  possible  graphic 

CHjOH 

formulas    representing  ,  hydroxy-propionic    acid — viz,,   CH,         and 

CHs  COOH 

CHOH.     The  first  of   these  is   called   y5-hydroxy-propionic  acid, 

COOH 

or  ethylene-lactic  acid,  and  that  of  the  second  formula  is  called 
a-hydroxy-propionic  acid,  or  ethylidene-lactic  acid.  Ethylene- 
lactic  acid  is  not  found  in  the  human  body,  and  little  is  known  of  it. 
There  are  three  lactic  acids  corresponding  to  the  second  formula, 
differing  principally  in  physical  properties:  the  first  optically  inactive, 
the  second  dextrorotatory,  and  the  third  levorotatory.  The  optically 
inactive  ethylidene-lactic  acid  is  the  ordinary  fermentation  acid,  and 
is  a  mixture  of  equal  molecules  of  the  other  two  isomerides. 

a.hydrozy-propionic  acid,  or  inactive  lactic  acid,  is  the  acid  of 
sour  milk  and  sour  cabbage,  and  is  produced  by  a  great  variety  of 
bacteria,  which  have  been  called,  collectively,  the  lactic  ferment.  It  is 
found  in  small  quantities  in  the  gastric  juice,  urine,  and  intestinal  juice. 

It  is  produced  on  a  large  scale  by  the  lactic  fermentation  of  cane- 
sugar  and  glucose.  Flour  is  first  treated  with  dilute  sulphuric  acid, 
to  convert  the  starch  into  glucose;  the  free  acid  is  then  neutralized 
with  milk  of  lime.  To  this  is  then  added  sour  milk,  and  it  is  allowed 
to  ferment,  care  being  taken  to  stop  the  process  before  butyric  acid 
fermentation  sets  in,  by  heating  the  mixture  to  boiling.  The  hot 
solution  of  calcium  lactate  is  separated  by  filtration,  evaporated  down, 
and  allowed  to  crystallize.  From  this  salt  the  acid  may  be  obtained 
by  saturation  with  sulphuric  acid.  It  has  been  prepared  synthetically 
by  the  oxidation  of  propyl-glycol.  The  official  acid  contains  not  less 
than  seventy-five  per  cent,  of  absolute  lactic  acid.  It  is  a  colorless,  . 
syrupy,  odorless,  very  acid  liquid,  freely  miscible  with  water,  alcohol, 
and  ether.  It  has  been  used  to  check  lactic  and  butyric  fermentation  in 
the  intestinal  tract,  as  an  excess  of  this  acid  prevents  the  further  growth 
of  the  ferment.    It  has  been  prepared  synthetically  by  heating  aldehyde 
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with  hydnxTanic  acid.    It  is  used  in  the  preparation  of  syrup  of  the 
lactophosphates  (U.  S.  P.). 

Dextrorotatory  lactic  acid,  sarcolactic  acid,  or  paralactic 
acid|  is  isomeric  with  the  above.  It  has  not  been  prepared  syn- 
thetically,  but  is  characteristic  of  muscle-juice,  and  gives  to  muscular 
tissue  its  add  reaction.  It  occurs  in  the  blood,  especially  after  active 
muscular  exercise.  It  is  found  in  the  urine,  in  increased  amount 
after  violent  muscular  exertion,  and  very  strikingly  after  extirpation 
of  the  liver  in  birds  and  frogs.  It  has  been  found  in  the  fluid  of 
ovarian  cysts  and  in  other  pa&ological  fluids.  It  is  found  in  extracts 
of  beef,  and  may  be  prepared  from  Liebig's  extract  after  precipitating 
with  alcohol,  acidifying  with  H^O^,  and  shaking  the  filtrate  with  ex* 
cess  of  ether,  which  dissolves  it.  On  evaporating  the  ether,  dissolv- 
ing the  residue  in  water,  and  precipitating  with  zinc  acetate,  the  zinc 
salt  is  obtained.  By  recrystaUizing  this  salt,  suspending  it  in  water, 
and  decomposing  with  hydrosulphuric  acid  gas,  the  acid  is  obtained 
in  solution.  It  may  be  separated  by  shaking  it  out  with  ether.  The 
acid  thus  obtained  is  similar  in  most  of  its  physical  and  chemical  prop- 
erties to  ordinary  lactic  acid.  It  is  dextrorotatory,  however,  while 
ordinary  lactic  acid  is  optically  inactive. 

Dead  muscle  has  an  acid  reaction,  which  is  greater  as  rifor  morHs  appears* 
During  life  the  addity  increases  with  active  contraction  and  diminishes  with  rest 
The  add  is  probably  produced  by  the  decomposition  of  the  muscular  tissue  during 
contraction,  although  some  have  claimed  that  the  addity  is  due  to  add  phosphates 
produced  from  the  phosphates  of  the  tissue  during  muscular  action,  while  others 
nave  thought  that  the  lactic  add  is  due  to  the  transformation  of  the  glycogen  usually 
found  in  muscle. 

Lymphatic,  thymus,  and  thvroid  tissues  are  alkaline  during  life,  but  become 
rapidly  add  after  death,  from  the  presence  of  sarcolactic  acid. 

Lerorotatory  lactic  acid,  the  tnird  isomeric  ethylidene-lactic  acid,  is  produced 
by  the  fermentation  of  cane-sugar  by  a  spedal  ferment.  Very  little  is  known  about 
its  properties. 

Strontium  lactate,  SrCC^HgO,), .  3H2O,  also  used  in  medidne,  occurs  as  a 
white,  granular  powder,  soluble  in  water. 

Tests  for  Lactic  Adds. — All  of  these  adds  give  an  intense  yellow  color  with  a 
very  dilute  solution  of  ferric  chloride. 

If  to  about  10  c.c.  of  water  2  drops  of  carbolic  add  and  i  drop  of  ferric  chloride 
solution  be  added,  and  to  this  violet  solution  a  mere  trace  of  lactic  acid  be  added,  it 
instantly  changes  to  yellow.    (Uflfelmann.) 

This  test  mil  show  i  part  of  the  acid  in  10,000  parts  of  water. 

HydrcKKybutyric  add,  CH,  .  CHOH  .  CH, .  COOH,  is  found  in  the  urine  and 
blood  of  diabetics,  and  of  some  other  diseased  conditions.  It  is  a  liquid  acid. 
When  it  is  heated  with  strong  H^O^  it  loses  a  molecule  of  water  and  changes  into 
crotonic  acid.  A  process  for  the  estimation  of  the  add  in  the  urine  is  based  upon 
this  reaction.    By  oxidation  this  acid  is  converted  into  aceto-acetic  or  diacetic  add. 

CH,CHOHCH,COOH  +  O  -  CH,COCHJCOOH  +  H,0. 
Hydroxybutyric  Add.  Diacetic  Add. 
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CO  .  O-H 
Oxalic  Acid. —  1       ^  „  =  H,C,04.    This  important  acid  occurs 
CO  •  O— H 

in  many  plants  (Oxalis,  Rumex,  Rheum)  as  acid  calcium  or  potassium 
oxalates.     Calcium  oxalate  is  also  found  in  the  urine. 

Oxalic  acid  is  easily  obtained  by  acting  upon  many  organic  sub- 
stances with  oxidizing  agents.  Glycol  and  glycolic  and  acetic  acids 
may  be  made  to  yield  it.  It  is  best  prepared  from  the  carbohydrates 
(sugar,  starchy  etc.),  by  treating  them  with  strong  nitric  acid,  or  by 
fusing  with  caustic  potash.  Commercial  oxalic  acid  is  prepared  by 
fusing  sawdust  with  a  mixture  of  caustic  soda  and  potash,  and  treat- 
ing the  oxalates  thus  formed  with  hydrochloric  acid.  The  acid  crys- 
tallizes in  colorless  prisms  with  two  molecules  of  water,  which  they 
lose  at  100®  C.  (212°  F.).  It  is  soluble  in  eight  parts  of  cold  water, 
and  in  alcohol.  On  heating  the  acid,  it  is  resolved  into  carbon  mon- 
oxide, dioxide,  \i^ater,  and  formic  acid.  Strong  oxidizing  agents  con- 
vert it  into  carbon  dioxide  and  water.  It  is  a  strong  dibasic  acid,  and 
forms  both  acid  and  neutral  salts  with  most  of  the  metals. 

Oxalic  acid  easily  oxidizes  into  CO3  and  H,0.  This  may  be  ef- 
fected by  chromic  acid,  potassium  permanganate  in  presence  of  dilute 
H2SO4,  and  even  on  exposure  of  its  watery  solution  to  air  and  sun- 
light. Dehydrating  agents,  as  HjSO^  and  H3PO4,  decompose  it  into 
CO,  CO,,  and  H,0. 

Toxic  Action* — Oxalic  acid  is  both  a  corrosive  and  systemic 
poison.  It  resembles  magnesium  sulphate  in  appearance,  and  has 
been  taken  by  mistake  for  this  salt.  Death  has  followed  the  use  of 
3j  (4  gm.),  but  persons  have  recovered  after  taking  much  larger 
doses.  Much  will  depend  upon  the  concentration  of  the  poison. 
When  the  solid  or  a  strong  solution  is  taken,  its  local  efifect  is  most 
marked,  and  death  may  occur  within  half  an  hour.  If  recovery 
takes  place,  owing  to  prompt  treatment,  the  after-effects  will  be 
those  of  any  of  the  corrosive  poisons.  If  the  acid  is  taken  in  dilute 
solution,  the  local  effect  is  much  less,  or  almost  wanting.  In  such 
cases  the  poison  is  absorbed,  and  acts  as  a  systemic  poison.  Vomit- 
ing and  cramps  are  usually,  though  not  always,  present.  The  soluble 
salts  of  oxalic  acid  are  almost  as  poisonous  as  the  acid,  but  do  not 
have  the  same  local  corrosive  effect. 

The  treatment  should  be  prompt  and  judicious.  It  is  important 
to  learn,  if  possible,  the  condition  in  which  the  acid  was  swallowed. 
If  in  concentrated  solution  or  as  the  solid,  the  stomach-pump,  or  even 
the  stomach-tube,  should  not  be  used.  If  taken  diluted,  and  the 
burning  epigastric  pain  is  not  too  severe,  the  soft  stomach-tube  may 
be  used  with  care,  washing  the  stomach  out  thoroughly  with  lime- 
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water,  followed  with  pure  water.  If  lime-water  is  not  procurable 
milk  of  magnesia  or  a  solution  of  magnesium  sulphate  (Epsom  salts) 
may  be  used.  If  it  is  deemed  unsafe  to  use  the  tube,  vomiting  may  be 
induced,  and  the  stomach  washed  out  by  giving  a  lukewarm  mixture 
of  equal  quantities  of  lime-water  and  sink-  or  well-water. 

Tests  for  Oxalic  Acid.— Calcium  chloride  gives,  even  in  very  dilute,  neutral, 
or  alkaline  solutions,  a  fine,  white,  heavy  precipitate.  The  precipitate  is  soluble  in 
UCl,  but  not  in  acetic  acid. 

Silver  nitrate  gives  a  white  precipitote,  soluble  in  HNO,  and  in  NH4OH. 

Lead  acetate  gives,  in  not  too  dilute  solutions,  a  white  precipitate,  soluble  in 
HNO„  but  not  in  acetic  acid. 

It  discharges  the  color  of  K^n^Oi  in  presence  of  dilute  H^04. 

Succinic   Add.— C,H4<^qq|J      This  add    is    found   ready  formed  in 

amber  and  some  other  resins,  in  several  plants,  in  the  spleen,  in  thymus  and  thy- 
roid glands,  in  hydrocephalic  and  hydrocele  fluids.  It  is  obtained  in  small 
quanuties  in  the  alcoholic  fermentation  of  sugar  and  in  the  putrefaction  of  pro- 
teids.  It  may  be  obtained  in  quantity  by  the  dry  distillation  of  amber;  the  aqueous 
portion  of  the  distillate  is  heated  to  boiling,  and  filtered;  on  cooling,  crude  succinic 
acid  crystallizes  out.  Succinic  acid  crystallizes  in  monoclinic  pnsms,  melting  at 
180®  C.  (356**  F.),  and  decomposing  into  water  and  succinic  anhydride  at  235**  C. 
(455**  F.).  It  is  soluble  in  twenty-three  parts  of  cold  water,  and  venr  freely  soluble 
in  hot  water.  By  adding  neutral  solution  of  ferric  chloride  to  a  soluble  succinate, 
a  brown,  gelatinous,  ferric  succinate  is  produced;  this  reaction  is  used  as  a  quali- 
tative test  for  the  acid.  The  succinates  of  the  alkaline  metab  are  soluble;  those  of 
the  other  metals  are  either  slightly  soluble  or  insoluble. 

There  are  two  isomeric  succinic  acids,  but  isosuccinic  acid  is  unimportant. 

TRIATOMIC  DIBASIC  ACIDS. 

The  simplest  acid  of  this  class  must  contain  three  carbon  atoms, 
and  in  that  case  may  be  regarded  as  being  derived  from  the  triatomic 
alcohol,  glycerol.  By  the  oxidation  of  glycerol  we  may  form  two 
acids,  thus: 

c=g:«      c=H^H      ^=8"'' 

I  _0— H  1— H  JL— H 

t — ^H  ^.—OH  ^— OH 

r=H,  C=0  C=:0 

\0-H  \0-H  — O-H 

Gljicerol.  Glyceric  Tartronic 

Add.  Add. 

The  only  member  of  this  series,  of  sufficient  importance  to  demand 
a  separate  description,  is  malic  acid,  the  next  higher  homologue  of 
tartronic  acid. 

fCO  O-H 
Malic  add.  hydrozysuccinic  add,  CLH,  •!  O-H        ,  occurs  in  maoy  add 

IcO  O-H 
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fruits,  as  cherries,  apples,  raspberries,  gooseberries,  rhubarb  (stalks  and  leaves)} 
unripe  mountain-ash  berries,  unripe  grapes,  and  quinces.  It  is  best  prepared  by 
nearly  saturating  the  boiled  and  filtered  juice  of  the  berries  of  the  mountain-ash 
with  milk  of  lime.  On  continued  boiling,  calcium  malate,  CaC4H,040H  .  H,0, 
separates  as  a  crystalline  powder,  from  which  the  acid  may  be  obtained  by  treat- 
ment with  dilute  oxalic  or  sulphuric  acid.  Malic  add  crystallizes  in  groups  of 
small,  colorless,  deliquescent  crystals.  It  melts  at  100®  C.  (212®  F.),  and  decom* 
poses  at  150®  C.  (302®  F.).  Putrefactive  fermentation  converts  maiic  into  acetic, 
succinic,  butyric,  and  carbonic  acids. 

There  are  three  isomeric  malic  acids  possible,  of  which  two  are  known.  The 
alkaline  malates  are  soluble;  other  malates  are  slightly  soluble  or  insoluble;  all  are 
crystalline. 

The  malates  are  easily  oxidized,  and  are  converted  in  the  animal  body  into  car- 
bonates. When  malic  acid  is  heated  it  gives  off  a  molecule  of  water  and  forms  two 
isomeric  unsaturated  acids  called  fumaric  and  maleic  acids.  The  first  of  these  is 
found  in  Fumaria  officinalis  and  a  few  other  plants.  The  graphic  formuls  d  tkese 
adds  are: 

CH— CO^  CO,H— C— H 

II  II 

CH— CO,H  H— CO,H 

Maleic  Add.  Ftunaric  Acid. 

TBTRATOMIC  DIBASIC  ACIDS. 

O     H     H     O 

II      I       I       II 
Tartaric  acid,  acidum  tartaricum  ^^  o  u    ii  \  ^ — C—C — C 

(Dihydroxy-succinicAcid)^^-^-^-'^'^-^'  I      I      I       I 

0000 
H  H  H  H 
is  a  dibasic,  tetratomic  acid.  (Compare  the  formulae  of  succinic, 
malic,  and  tartaric  acids.)  Four  isomeric  tartaric  acids  are  known: 
two  of  which — dextro-  and  levotartaric  acids — are  optically  active; 
and  two — racemic  and  mesotartaric  adds — ^are  optically  inactive. 
Ordinary  or  dextrotartaric  acid  is  found  in  many  fruits,  particu- 
larly in  ripe  grapes,  as  acid  potassium  tartrate  (cream  of  tartar), 
which,  during  the  fermentation  of  the  must,  is  def>osited,  mixed  with 
yeast,  coloring  matter,  calcium  tartrate,  etc.,  as  a  brown  crust,  or  de- 
posit, known  as  crude  argol.  Tartaric  acid  is  prepared  from  argol  by 
first  treating  it  with  hot  water,  filtering,  decolorizing  with  animal  char- 
coal, converting  the  acid  potassium  tartrate  into  calcium  tartrate  by  the 
addition  of  milk  of  lime,  then  decomposing  this  with  sulphuric  acid. 
Tartaric  acid  is  thus  obtained  in  solution,  and  may  easily  be  separated 
by  crystallization.  Tartaric  acid  is  usually  made  in  the  same  factories 
where  cream  of  tartar  is  prepared.  It  has  also  been  prepared 
synthetically.  It  usually  occurs  in  beautiful,  oblique  prisms,  perma- 
nent in  the  air,  soluble  in  one-half  their  weight  of  water,  or  in  2.5  parts 
of  alcohol,  and  insoluble  in  ether.    When  heated,  it  melts  at  135®  C. 
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(275^  F.)>  and  forms  metatartaric  and  pyrotartaric  acids  and  tartaric 
anhydride,  Cfifi^.  At  a  higher  temperature  it  decomposes,  with 
a  burnt-sugar  odor. 

Tartaric  acid  has  a  strong,  acid  taste.  It  precipitates  calcium  in  neu- 
tral or  alkaline  solutions,  but  not  in  strongly  acid  solutions.  Ammonium 
salts  prevent  this  precipitation.  Heated  with  hydriodic  acid  and  phos- 
phorus, tartaric  is  first  changed  into  malic  and  then  into  succinic  acid. 

The  principal  tartrates  are  the  neutral  and  acid  potassium  tartrates, 
sodio-potassium  tartrate  (Rochcllc  salt)  and  tartar  emetic,  or 
antimonyl  potassium  tartrate,  all  of  which  are  mentioned  in  another 
place.  Ferro-potassitun  tartrate  and  ferro-ammonium  tartrate 
are  also  used  in  medicine.  They  both  belong  to  the  class  of  substances 
known  as  scale  compounds.  They  occur  in  the  form  of  garnet-red 
scales,  slightly  deliquescent,  very  soluble  in  water,  but  insoluble  in 
alcohol.  Tartaric  acid  is  used  in  making  effervescing  drinks,  in  calico 
printing,  and  by  confectioners,  to  prevent  the  crystallization  of  the 
sugar.  When  taken  in  too  large  quantities,  it  acts  as  an  irritant  poison. 
One  ounce  has  caused  death. 

When  taken  in  not  too  great  quantity,  its  salts  are  oxidized  to  car- 
bonates; but  if  taken  in  very  large  quantity  they  may  escape  complete 
destruction  and  may  appear  in  the  urine  and  perspiration.  It  is, 
therefore,  not  so  easily  oxidized  as  malic,  succinic,  and  some  other 
organic  acids. 

TETRATOIUC  TRIBASIC  ACIDS. 

Citric  Acid,  Acidum  Citricum  (U.  S.  P.,  Br.}.— 

CHjCO .  OH 

toH .  CO  .  OH  =  CeH,0, 

CHjCO .  OH 

This  acid  occurs  in  the  juice  of  beet-roots,  lemons,  limes,  currants, 
gooseberries,  and  other  fruits.  It  is  manufactured  on  a  large  scale 
from  lemon-juice  or  lime-juice,  which  is  clarified  by  boiling  it  with 
albumin,  and  then  saturating,  while  hot,  with  powdered  chalk  or  milk 
of  lime.  The  precipitated  calcium  citrate  is  decomposed  by  an  equiv- 
alent quantity  of  sulphuric  acid  and  filtered  from  the  resulting  gyp- 
sum.  Another  technical  method  is  by  fermentation  of  sugar  or  glu- 
cose by  certain  mold-fungi,  Citromyces  Pjefjerianus  and  C.  glaber. 
It  has  also  been  prepared  synthetically.  On  evaporating  the  filtrate 
the  acid  crystallizes  out  in  large,  transparent,  rhombic  prisms,  having 
an  agreeable,  sour  taste,  and  containing  one  molecule  of  water  of  crys- 
tallization. The  acid  melts  between  135®  and  152®  C.  (275®  and  305.6* 
26 
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F.),  and  is  readily  soluble  in  water  and  alcohol.    At  175®  C.  (347*^  F.) 
the  acid  loses  water  and  is  converted  into  aconitic  acid,  a  tribasic 

CH-COOH 
!l 
unsaturated  acid  found  in  aconite.    It  has  the  formula,  C-COOH 

I 

CH,-COOH 
=«QH^Oe.  Solutions  of  citric  acid  when  exposed  to  the  air  soon  grow 
molds  and  undergo  decomposition.  Citric  acid  forms  three  classes 
of  well-defined  salts  with  the  metals.  Citrates  of  the  alkaline  metals 
are  soluble  in  water.  They  are  decomf)osed  into  carbonates  in 
the  body,  and,  in  case  of  the  citrates  of  the  alkalies,  are  eliminated 
by  the  kidneys  as  carbonates;  hence,  these  citrates-  are  frequently 
prescribed  in  acid  conditions  of  the  urine.  The  acid  is  not  known 
to  exert  any  injurious  action  upon  the  economy,  even  in  considerable 
quantities. 

Citrates  of  bismuth,  iron,  iron  and  ammonium,  iron  and  quinine, 
iron  and  strychnine,  lithium,  potassium,  bismuth  and  ammonium, 
solution  of  magnesium  citrate,  and  syrup  of  citric  acid  are  official. 
When  boiled  with  excess  of  lime-water,  citric  acid  precipitates  basic 
calcium  citrate.    This  distinguishes  it  from  oxalic  and  tartaric  acids. 


Meconic  acid,  C7H4O5,  is  an  unsaturated  triatomic  dibasic  acid  found  in  opium 
in  combination  with  Uie  alkaloids.  It  may  be  prepared  from  opium  by  digesting  it 
with  hot  water,  neutralizing  with  CaCO„  and  flien  precipitating  with  CaCl,.  The 
precipitate,  hydrocalcium  meconate,  HCaQHO^  may  be  dissolved  in  hot  dilute 
HCl  and  the  acid  crystallized  out.  The  add  occurs  in  crystalline  plates,  dissolving 
rather  sparingly  in  cold,  but  easily  in  hot  water  and  alcohol.  Ether  dissolves  it  but 
sparingly.  It  has  an  astringent  taste.  Solutions  of  meconic  acid  give  a  blood-red 
color  with  ferric  chloride,  which  is  not  discharged  by  HgCl,  or  dilute  adds,  but  b 
discharged  by  stannous  chloride  and  sodium  hypochlorite.  This  test  serves  to 
identify  opium  and  preparations  made  directly  from  it. 

The  relation  of  the  foregoing  alcohols,  aldehydes,  and  acids  will  be 
seen  by  the  following  graphic  formulas: 

HCH,  ^^^H,  ^^H  ^^OH 

MethuM.  Methjl-alcohol.  Fomuldebyde.  Fonnic  Add. 

C=H,  C=H,  C=H,  C=H, 

i^        i<?k         i<S         i<8H 

Ethyl-ttkoliol  Aceuklefaide.  AcalicAdd. 
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C=H,OH 

C=H,OH 
Etbene  Glycx>L 


C=H, 

C=H, 

C=H, 
Proptne. 

p/OH 

I^ 
C=H, 

Plx>peiie  Glycol. 


C=H, 
C=H, 

ProiqrI-alcoliol. 


C\OH 

GlycoUc  Add. 

C=H, 

C=H, 
Propionic  Aldehyde. 


c<8h 

OzaUcAdd. 


p/OH 

Vo 

Ethylene-UcUc 
Add. 


i 


C=H, 

^^ 
\OH 


i 


EthyUdene-lACtic 
Adds. 


C=H, 
C=H, 

Propionic  Add. 

|\OH 
C=H, 

MAlonic  Acid. 


V— OH 

\OH 

Glycerin. 


?\ok 

V— OH 

\OH 

Glyceric  Add. 


i: 


.=0 

'\OH 
,— H 
|-\OH 

^\OH 

Tartronic  Add. 


C=H, 


=H, 


C=H,  C 

C=H,  C 


I  \OH 
C=H, 


=H, 


,=0 


Butane. 
|\OH 

|\OH 


=H, 


Butyl- 
alcohol. 


C=H, 

C=H, 

C=H, 
Butyric  Add. 


V\OH 
C=H, 

Ozybtttyric 
Add. 


Vnoh 

C=H, 


i 


=H. 


'\OH 

Sucdnic 
Add. 


,\OH 
i/H 
V\OH 
C=H, 

^\OH 
MaHcAdd. 


|\OH 


— H 

\OH 


i 


if^  i 


— H 
\OH 


'\OH 
Enrthtile. 


Tartaric  Adds. 


C  =  H, 
C  =  H, 

C  =  H, 
C  =  H, 

C  =  H, 

Pentane. 


OH 


|\OH 
C=H, 


=H. 


i 


C=H, 

C=H, 

C=H,  C= 

Amyl-alcohol. 


=H. 


=H, 

Vtleriuk 
Add. 
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C=H,    H,C— OH   0=COH   0=COH 

C=H,   H-<:--OH   H— COH    H— COH    0=C-OH 

C=H,   H— C— OH    H— COH    H— COH    ^  ,' 


O— H 


\OH 


C=H,   H— C— OH    H— COH   H— COH    H— C— C^^ 

C=H,   H— C— OH   H— COH   H— COH    H— C— H 

C=H,  H,C— OH  HjCOH        0=COH        0=COH 

Hcxane.  Mannite.  Mannitic  Add.     Saccharic  Add.  Gtric  Acid. 

DERIVATIVES  OF  THE  FATTY  ACIDS. 

The  acids  may  be  modified  by  substitutions  in  the  alkyl  group 

or  in  the  carboxyl  group.    We  have  abready  noticed  some  of  the  halogen 

substituted  acids,  as  mono-,  di-,  and  trichloracetic  acids.    We  shall 

have  occasion  to  refer  to  the  nitrogen  substitution  products  of  this 

nature.    The  carboxyl  group  may  be  modified  by  the  exchange  of  its 

oxygen  atoms  or  hydroxyl  groups  for  other  atoms  or  radicals.    By 

acting  on  the  acid  with  PClg,  PCI5,  or  POCl,  the  hydroxyl  group  may 

be  exchanged  for  CI,  so  that  they  contain  the  group  COCl  instead 

of  COOH.    These  compounds  are  called  acid  chlorides.    In  naming 

them,  the  name  of  the  add  is  used,  but  its  termination  is  changed 

to  yl.    From  acetic  acid  we  thus  obtain  acetyl  chloride. 

C^,0,H  +  PCI,  «  C,H,OCl  +  PO,H,. 
Acetyl  Chloride. 

The  add  chlorides  of  the  lower  members  of  the  fatty  acid  series  are  liquids  with 
a  suffocating,  irritating  odor. 

Acetyl  chloride  is  of  great  service  as  a  reagent  for  the  detection  of  hydroxyl  in 
organic  compounds,  because  it  forms  with  such  compounds  acetyl  derivatives.  By 
treating  an  acetyl  derivative,  thus  formed,  with  an  alkaline  hydroxide  an  acetate  is 
formed.  The  presence  of  acetic  add  proves  the  original  substance  to  have  con- 
tained a  hydroxyl. 

ACID  ANHYDRIDES  AND  PEROXIDES. 

By  treating  the  sodium  salts  of  adds  with  the  add  chloride  we  obtain  the  anhy- 
dride of  the  acid  acted  upon. 

C,H,0,Na  +  C,H,OCl  -  O  :  (C^HjO),  +  NaCl. 

The  anhydrides  of  the  lower  members  of  the  fatty  acid  series  are  liquids  of  a 
disagreeable  suffocating  odor.    No  anhydride  of  formic  acid  is  known. 
Acetic  anhydride  boils  at  137**  C.  (278**  F.)  and  has  a  sp.  gr.  of  1.073. 
Acid  peroxides  are  formed  by  the  action  of  the  anhydrides  upon  hydrogen  per- 
oride.    Thus  diacetic  peroxide  is  formed  from  acetic  anhydride,  and  used  as  an 
intestinal  antiseptic  under  the  name  of  acetozone. 

CH,CO^^  .   „  ^  j:;^H,CO-0 
CH,CO^^  "^  "''^"^jCH.CO-O 

Acetic  Aoetoscme. 

Anhydride. 
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Under  the  name  of  alphozone  succinic  peroxide  is  employed  as  a  pcpwerful  anti- 
septic.   It  is  a  white,  soluble  powder. 

SULPHUR  DERIVATIVES  OF  THE  ALCOHOLS  AND  ACIDS. 
Thio-alcohols. — We  have  seen  in  inorganic  chemistry  that  sulphur 
can  replace  oxygen  as  a  linking  atom.  Thus,  corresponding  to  H,0 
we  have  H^S;  to  NH^OH,  NH^SH;  to  H,CO„  H,CS,.  So  in  alcohols 
we  may  have  sulphur  take  the  place  of  oxygen.  These  compounds 
are  frequently  called  mercaptans  (mercuro  captum),  from  their 
property  of  readily  taking  up  mercury.  They  may  be  more  properly 
named  sulpho-alcohols  or  thio-alcohols.  We  may  have  the  same  sub- 
stitution of  sulphur  for  oxygen,  in  the  ethers  and  aldehydes  giving  rise 
to  sulphides  of  the  hydrocarbon  radicab,  or  sulphaldehydes.  These 
compounds,  as  a  class,  are  generally  ill-smelling  compounds,  and  are 
frequently  produced  in  the  putrefactive  fermentation  of  organic  sub- 
stances containing  sulphur.  The  following  is  a  list  of  some  of  the 
more  important  of  this  class  of  comp>ounds: 

Sulphides  of  the  Hydrocarbon  Radicals. 
Methyl-sulphide,  (CHJjS  Diethjl- sulpha -dIm<;Lhyl-metliane,    or 


Methyl-trisulphide,  (CHjJS,  Dielhyl-disulphide,  (CjH6)sSj 


Methyl  disulphide,  (CiQS.  Sulphonal,  ( CH J,C(SOX .H.), 

Meth'yl-hydrosulphidc,  C^H  Diethyl -frisuiphkle,  (CjHa)^", 

(methyl-mercaptan)  Diethyl-tctrasulphide,  (CjHJjS^ 

E;thyl-hydrosulphide,  C,H;SH  Diethyl -pentasulphidc,  (C-HJ^^ 


(mercaptan)  Dicthyl-oxysulphidei  (CsHJaSO, 

Ethyl-oxysulphide,  (C^J^SO  (cthyt-sul phone) 

Ethyl-sulphonic  Acid,  C^^SOjOH       Xanthic  Acid,  C^H^OCSSH 


Of  these  compounds  but  few  have  sufficient  importance  to  claim 
our  attention.  Compounds  similar  to  the  forgoing  may  be  formed 
by  other  radicals  than  those  here  mentioned. 

Ethyl-mercaptan,  C^gSH,  is  prepared  by  distilling  caldum 
ethyl-sulphate  with  potassium  hydrosulphide. 

Ca(CJH[,SO,),  +  2KSH  -  CaSO^  +  K^SO^  +  2(Cfifi¥{). 
Caldum  Ethyl-gufpbate.  MercapUn. 

Mercaptan  forms  the  upper  layer  of  the  distillate.  Mercaptan  has 
a  powerful  odor  of  garlic.  It  is  a  volatile  liquid;  sp.  gr.,  0.835. 
It  bums  with  a  blue  flame.  It  is  sparingly  soluble  in  water,  and 
dissolves  in  alcohol  and  ether. 

Mercaptids. — The  hydrogen  atom  linked  to  the  radical  can  be  re- 
placed by  electropositive  atoms  or  groups  giving  rise  to  compounds 
called  mercaptids.  Mercaptan  forms,  with  metallic  sodium  or  potas- 
sium, sodium  or  potassium  mercaptid,  QHgSNa,  C3H5SK,  which  are 
crystalline  compounds  soluble  in  water.    Mercuric  oxide  reacts  with 
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mercaptan,  evolving  heat  and  forming  a  crystalline,  inodorous  com- 
pound, mercuric  mercaptid. 

Mercaptal. — When  a  mixture  of  two  molecules  of  mercaptan  with 
one  molecule  of  an  aldehyde  is  dehydrated  by  treatment  with  dry 
HCl,  a  mercaptal  is  produced,  which  may  be  regarded  as  an  acetal 
whose  oxygen  is  replaced  by  sulphur,  or  a  thyo-acetal. 

CHTcfg  +  "CASH  -  CH  >C<iZ^g;+  H.O. 
Aldehyde.  Mercapun.  Mercaptal. 

Mercaptol. — If  this  same  reaction  is  produced  with  an  acetone 
instead  of  an  aldehyde,  a  mercaptol  is  produced,  which  differs  from 
the  mercaptal  in  that  the  alcoholic  radical  is  substituted  for  the  O 
atom  of  the  ketone  group,  CO. 

coZc^.  +  »c^H  -  S^>c<85  +  H»o- 

Acetone.  Mercaptan.  Mercaptol. 

Mercaptol  is  a  mobile  liquid  whose  odor  is  not  disagreeable.  It 
boils  at  80®  C.  (176®  F.).  When  mercaptol  is  oxidized  by  potassium 
permanganate,  it  is  converted  into  sulphonal,  or  dimethyl-sulphon- 
diethyl-methane,  according  to  the  following  equation: 

Mercaptol  Solphonal,  or  Dimethyl-flulphoo- 

diethyl-methane. 

Trional  is  formed  by  the  same  process  as  sulphonal  except  that 
methyl-ethyl-ketone  is  substituted  for  acetone.  In  the  preparation  of 
tetronal  diethyl-ketone  is  substituted  for  acetone. 

The  relation  of  these  bodies  may  be  seen  by  reference  to  the 
following  graphic  formulae: 

c£>c<8^      c^>c<i^      c^>c<igi 

Acetal.  Mercaptal.  Mercaptol. 

CH,>^<^SO.CA  CH,>^<SO,CA  CJH,>^'^SO,C,H, 

Sulphonal.  Trional.  Tetronal. 

Sulphonal  is  a  colorless,  inodorous,  practically  tasteless,  crystal- 
line body,  melting  at  125®  C.  (257^  F.).  It  is  soluble  in  fifteen 
parts  of  boiling  water  and  in  about  450  of  cold.  It  is  freely  soluble 
in  hot  alcohol  and  less  so  in  cold.  Sulphonal  is  a  very  stable  body, 
being  unaffected  by  adds,  alkalies,  oxidizing  agents,  bromine,  or 
chlorine.  Owing  to  its  insolubility  and  stability,  it  does  not  present 
many  characteristic  reactions.  Its  solutions  are  neutral  to  test-paper, 
and  are  unaffected  by  barium  nitrate  or  silver  nitrate.  It  should  burn 
away  without  residue  when  ignited  with  free  access  to  air.    When 
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sulphonal  is  heated  with  potassium  cyanide,  the  odor  of  mercaptan  is 
evolved;  and  when  the  residue  is  dissolved  in  water,  a  drop  of  Fe,Cl, 
gives  a  red  color  to  the  solution.  The  urine  of  patients  taking  consider- 
able doses  of  sulphonal  assumes  a  peculiar  reddish-brown  color,  due  to 
the  presence  of  hematoporphyrin.  This  substance  is  most  easily  de- 
tected by  the  spectroscope.  Sulphonal  is  used  in  medicine  as  a  hyp- 
notic, and  has  become  official  in  the  pharmacopeias  of  several  European 
countries. 

Trional  occurs  as  colorless,  shining,  tubular  crystals  soluble  in 
320  parts  of  cold  water,  freely  in  hot  water,  alcohol,  and  ether.  It 
melts  at  76®  C.  (168.8®  F.).  It  is  a  more  powerful  hypnotic  than 
sulphonal. 

Tetronal  occurs  in  colorless  crystals  similar  in  appearance  to 
trional.  It  melts  at  86®  C.  (192.2®  F.)  and  is  soluble  in  450  parts 
of  cold  water,  and  readily  in  alcohol  and  ether.  It  is  also  employed 
as  a  hypnotic  in  doses  of  i  to  2  gm. 

SULPHONIC  ACIDS. 
A   sulphonic   acid  is  one  which  may  be  regarded  as  formed  by 
replacing  one  of  the  hydroxyl  groups  in  H^SO^  by  a  hydrocarbon  radical. 
In  sulphuric  esters  only  the  basic  hydrogen  is  replaced. 
By  oxidation  of  ethyl-mercaptan  with  HNO,  ethyl-sulphonic  acid 
is  formed. 

aC^aSH      +       3O,      -       aCXH-SO.OH. 
Ethyl-mercaptan.  Ethyl-sulphonic  Add. 

Sulphonic  acids  may  be  formed  by  acting  directly  upon  unsaturated 

hydrocarbons  with  sulphuric  acid. 

H^O^     -I-     QH,     -     CeH^O.OH     -     H,0. 
Solphunc  Bensene.         Benaene-sulphonic  Water. 

Add.  Add. 

H,SO^    +     QH,CH,    -     C,H,CH,SO,OH    +     H,0. 
Toluene.  Toluene-sulpbonic  Add.  * 

The  sulphonates  of  the  alkaline  metals  are  prepared  by  the  inter- 
action of  the  alkyl-halides  and  the  alkaline  sulphites: 

Cfiji  +  K^O,  -  KCyisSO,  -h  KI. 

The  alkyl  sulphonic  acids  are  strong,  crystalline,  monobasic  acids, 
very  soluble  in  water  and  form  soluble  salts  with  the  metals. 

The  alkaline  sulphonates  are  isomeric  with  the  sulphites,  but  in  the  sulphonates 
the  sulphur  is  directly  linked  to  the  carbon,  while  in  the  sulphites  there  is  a  linking 
oxygen  between  the  sulphur  and  alkyl  radical,  as  will  be  seen  in  the  following  for- 
mum: 

O 

PbUas.  Ethyl-sulphonate.  PMsm.  Ethyl-sulphite. 
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There  are  few  important  alkyl-sulphonic  acids,  but  several  aromatic  sulphomc 
acids. 

The  sulphinic  adds  bear  the  same  relation  to  sulphurous  acid  that  sulphonic 
acids  do  to  ILSO4.  Thiw,  ethyl-sulphinic  add  has  the  formula:  C^jSO.OH. 
The  alkyl  sulphides,  or  thio-ethers,  may  be  prepared  by  the  action  of  phosphorus 
pentasulphide  upon  the  ethers. 

5(C^J,0  +  PA  -  5(C,HJ^  +  P.O.. 

They  are  disagreeable  smelling  liquids  like  the  mercaptans,  and  are  insoluble 
in  water. 

Thio-acids  are  also  known.  They  are  liquids  having  a  disagreeable  odor,  and 
their  solutions  precipitate  the  heavy  metals  as  siflphides. 

ORGANIC  BODIES  CORTAINIlfG  NITROGEN. 

While  carbon  has  little  tendency  to  combine  directly  with  nitrogen, 
we  have  seen  that  by  indirect  means  they  can  be  made  to  unite 
and  produce  the  important  group  — C^N,  or  cyanogen,  and  the 
cyanides,  which  have  already  been  described. 

The  nitrogenous  organic  bodies  may  be  divided  into  the  following 
chief  classes,  based  upon  their  constitution.  Nitrates,  nitrites,  nitro- 
compoundSy  cyanides,  nitrils,  amins,  amids,  amide-acids,  amic 
acids,  hydntzins,  azo-  and  diazo-compounds,  organic  bases  or 
alkaloids,  proteids,  and  albuminoids. 

Nitric  Esters,  Nitrous  Esters,  and  Nitro-compounds. — ^When  nitric  add 
acts  upon  hydrocarbons  it  usually  forms  nitro-compounds  with  the  elimination  of 
one  or  more  molecules  of  water. 

C,H  +  HNO,  -  QHJ^O,  +  H,0. 

When  it  acts  upon  an  alcohol  or  carbohydrate  it  forms  a  nitrate,  and  eliminates 
water. 

C,H(OH),  +  3HNO,  «  C,H,(NO0,  +  3H,0. 

A  nitro-compound  contains  the  Kroup  NO^,  in  which  the  nitrogen  is  united 
directly  to  the  hydrocarbon  radical,  while  m  the  nitrates  and  nitrites  ue  nitrogen  is 
linked  to  the  hydrocarbon  radical  by  an  oxygen  atom.  The  following  formube  will 
make  this  plain:. 

Nitro-methane.  Ethyl-nitrate.  Ethyl-nitrite. 

We  have  had  occasion  to  discuss  nitroglycerol  and  nitrocellulose.  These  com- 
pounds were  known  before  their  constitution  was  known,  and  received  erroneous 
names,  which  cling  to  them.  They  are  really  glyceryl  trinitrate  and  cellulose  trini- 
trate. 

The  nitro-compounds  are  distinguished  from  the  esters  in  that  they  do  not 
saponify  when  warmed  with  alkaline  hydroxides,  and  they  yield  amins  on  treatment 
with  nascent  hydrogen,  the  N  not  separating  from  the  hydrocarbon  radical. 

CH,NO,    -f     3H,    =   CHLNH^    -f     2H,0. 
Nitro-methane.  Methylamin. 

From  these  and  other  reactions  we  conclude  that  the  N  is  attached  directly  to  tho 
carbon  of  the  radical. 


CYANIDES   AND  NITSILS.  393 

The  nitrcxompouDds  of  the  paraffin  series  are  not  so  numerous  or  important 
as  those  of  the  aromatic  hydrocarbons  to  be  considered  later. 

Nitrils,  or  Cyanides  of  Hydrocarbon  Radicals. — Hydrocyanic  add  yields  two 
classes  of  derivatives  by  the  exchange  of  its  H  atom  for  alcohol  radicals,  neither  of 
which  can  be  grouped  among  the  esters,  since  they  do  not  go  back  into  alcohols  and 
hydrocyanic  acid  upon  saponification,  but  decompose  in  another  direction.  These 
two  classes  of  compounds  are  known  as  nitrils  and  iso-nitrils. 

A  nitril  is  a  cyanide  of  a  hydrocarbon  radical  in  which  the  radical  is  attached 
to  the  carbon  atom  of  the  CN'  group,  and  in  which  the  N  is  triad. 

An  iso-nitril  is  isomeric  with  a  cyanide,  and  the  hydrocarbon  radical  is  attached 
to  the  nitrogen  atom  of  the  CN'  group,  in  which  the  N  is  a  pentad. 

C^,C:N  C,H..N:C 

Ethyl  Cyanide  or  Ethyl  Iso-nitril  or 

Propio-nitril.  Etbyl-iao-cyanide. 

The  nitrils  are  either  colorless  liquids  which  volatilize  without  decomposition,  or 
solids  of  ethereal  odor,  lighter  than  water,  and  relatively  stable.  They  boil  at  about 
the  same  temperature  as  the  corresponding  alcohols.  They  are  formed  by  heating 
the  iodide  of  the  radical  with  potassium  cyanide,  or  by  heating  potassium  ethyl-sul- 
phate with  potassium  cyanide. 

CHJ  +  KCN  -  KI     +     CILCN. 

Methyl-cyanide. 
KO\ 
CAOjSO,    +     KCN     =     CJH,CN     +     K^SO^. 
Potaflaam  Ethyl-  Potaaaum  Ethyl-  PbCaMum 

sulphate.  Cyanide.  cyanide.  Sulphate. 

They  may  also  be  prepared  by  distilling  the  ammonium  salts  of  monobasic  acids, 
which  contain  one  atom  of  carbon  more  than  the  alcohol  which  would  correspond  to 
the  nitril  desired.  C^OjNH^  —  CH,CN  +  2H,0.  As  a  consequence  of  these 
modes  of  formation,  these  compounds  are  termed  the  nitrils  of  the  monobasic  acids — 
that  is,  CHjCN  is  named  aceto-nitril;  CJlgCN,  propio-nitril,  or  ethyl-cyanide. 
CHjCN  is  present  in  the  products  of  the  distillation  of  coal-tar.  It  is  a  colorless 
liauid,  boiling  at  82**  C.  (179®  F.),  is  combustible,  and  miscible  with  water.  The 
otner  nitrils  of  the  higher  hydrocarbon  radicab  are  only  of  theoretical  interest. 
Cyanides  of  the  other  series  of  hydrocarbons  also  exist. 

The  iso-cyanides,  or  iso-nitrils,  or  carbamins,  are  colorless  liquids,  easily 
soluble  in  alcohol  and  ether,  but  slightly  soluble,  or  insoluble,  in  water.  They  have 
a  feeble  alkaline  reaction,  disagreeable  odor,  and  poisonous  properties.  They  are 
prepared  by  heating  the  iodides  of  the  alcohol  radicals  with  silver  cyanide  instead 
of  potassium  cyanide. 

CNAg  -+-  C^J  =  Agl  +  CJI^NC. 

Ethyi-iflo-cyanide. 

They  may  also  be  formed  by  the  action  of  chloroform  and  an  alcoholic  solution  of 
KOH  upon  the  primary  amins.  The  iso-nitrils  differ  from  the  nitrib  by  their  be- 
havior with  water  or  dilute  adds.  When  superheated  with  water  or  with  acids  in 
the  cold,  they  split  up  into  formic  acid  and  an  amin  base.  They  do  not  decompose 
with  alkalies,  as  nitrils  do. 

Fulminate  of  merctiry,  Hg(C^,)0^  is  obtained  by  warming  alcohol  with  nitric 
add  and  mercuric  nitrate.  It  cr3rstallizes  in  fine,  silky  prisms,  which  explode  with 
great  violence  on  being  heated  or  struck.  Fulminate  of  silver,  having  a  similar  com- 
position, is  even  more  explosive.  These  fulminating  compounds  are  used  in  the 
manufacture  of  percussion  caps. 


394 


MEDICAL  CHEmSTRY. 


The  relation  of  the  derivatives  or  the  various  substitution  products 
of  the  hydrocarbons  may  be  illustrated  by  the  following  formulae, 
derived  from  the  first  two  members  of  the  paraffin  series: 


Hydrocarbon. 

Methane,  C^H^. 

Ethane,  H  =C— C=H,. 

HaUde. 

Methyl-chloride,  CH.Cl. 

Ethyl-chloride, 

H^C— CSH,.C1. 

Monohydric     Alco- 
hol. 

Methyl-alcohol,  H,COH. 

Ethyl-alcohol,  H,C— CH,OH. 

Dihydric  Alcohol. 

Ethylene  Glycol,  or  Glycol, 

HOH,C— CHjOH. 

Ether  or  Oxide. 

Methyl-ether,  ^][J»|o. 

Ethyl-ether,  ^^»}0. 

Aldehyde. 

Formaldehyde,  H-C^^ 
nH, 

Acetic  Aldehyde,  H,C— C^^ 
\H. 

Ketone  or  Acetone. 

Can  exist  only  with  three  carbon 
atoms. 

O 

Acetone,  H3=C— C— Cs=;H,* 

Monobasic  Add. 

Formic  Add,  HCO.  OH. 

Acetic  Add,  H,C--CO.OH. 

Dibasic  Add. 

Carbonic  Add, 

CO.  OH 

OxaUcAdd,   1 

CO  .  OH. 

Ester. 

Methyl-nitrite, 

CH,— O— NzzO. 

Ethyl-acetate,  C^j— O— C,H,0. 

Mercaptan. 

Ethyl  Mercaptan, 

CH,CH,— S— H. 

Acetal. 

Methylal,H^=C<^]^JJ^ 

Acetal,  CH,CH<*^* 

Nitril. 

Methyl -cyanide, 

H,C— CN. 

Propio-nitril,  H,C— CH,— C=:N. 

Iso-nitril. 

Methyl-  carbamin,  or 
Methyl-iso -cyanide, 

H,C— N=C. 

E  t  h  y  l-carbamin,    E  t  h  y  1-iso- 
cyanide,  H3C— CH,— N=C. 

ORGANIC  DERIVATIVES  OF  AMMONIA. 

We  have  frequently  spoken  in  these  pages  of  types  of  compounds, 
especially  of  the  water  type.  We  now  come  to  speak  of  comp>ounds 
constructed  upon  the  ammonia  tjrpe. 
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(H 
Ammonia,  N  -j  H,  is  a  type  of  a  large  number  of  organic  compounds. 

AMINS. 

An  amin  (or  amine)  may  be  regarded  as  formed  from  ammonia 
by  replacing  one  or  more  of  the  H  atoms  by  hydrocarbon  radicals. 
They  are  classified  into  primary,  secondary,  tertiary,  and  tetra- 
nary,  accordingly  as  one,  two,  three,  or  four  atoms  of  hydrogen  have 
been  replaced.  Quaternary  substitution  can  only  take  place  in  NH^OH, 
and  gives  rise  to  ammonium  bases,  instead  of  amins,  as  N{CH^fiK, 
tetramethyl-ammonium  hydroxide.  The  amins  are  divided  into 
monamins,  diamins,  and  triamins,  accordingly  as  their  molecules 
contain  one,  two,  or  three  atoms  of  nitrogen — i,  e,,  a  diamin  is  derived 
from  two  molecules  of  NH,  instead  of  one. 

We  may  represent  the  different  classes  of  amins  as  follows: 

Monamins. 

Primary.  Secondary.  Tertiary. 

fH  (C^,  fCH,  fCHj 

Ih  (h  Ih  (cyH. 

Ammonia  EUiykmin.  Diroethylamin.  Methyl-diphmylamin. 

(Amin). 

DiAMINS. 
fH,  rC^H,  (C.H,  (Cja, 

Condensed  Etbylenediamin.  Dipbenyknediamin.  Diethvlenediethyl- 

Ammooia.  aiamin. 

Of  the  large  number  of  compounds  which  belong  to  this  class  of  bodies,  we  can 
only  mention  a  few  in  detail.  As  before  mentioned,  the  amins  are  bases,  or  organic 
alkalies.  They  unite  directly  with  acids  to  form  salts,  and  their  chlorides  unite  with 
platinic  and  auric  chlorides  to  form  double  salts  similar  to  those  formed  with  am- 
monia. When  heated  with  them,  amins  expel  ammonia  from  its  salts.  The  lower 
members  of  the  ^oup  are  gases,  while  the  higher  members  are  liquids  or  solids. 
The  amins  containing  the  lower  alkyl  radicals  bear  the  closest  resemblance  to  NH„ 
but  are  even  more  strongly  alkaline.  In  some  cases  they  are  caustic.  They  have 
an  ammoniacal  odor.  They  precipitate  the  hydroxides  from  many  of  the  metallic 
salts,  the  precipitate  being  often  soluble  in  excess  of  the  reagent.  The  lower 
members  are  combustible  gases,  soluble  in  water.  The  solubility  decreases  as  the 
number  of  carbon  atoms  increases.  The  ammonium  bases — u  «.,  those  compounds 
which  resemble  NH^OH  in  constitution — are  solid,  hygroscopic,  and  resemble  KOH 
in  properties.  Some  of  the  amins  occur  in  nature.  The  most  of  them,  however, 
are  products  of  synthesis.     Methylamin  and  trimethylamin  occur  ready  formed. 

Preparation  of  Amins. — First:  By  treating  the  cyanate  of  the  alcohol  radical 
with  a  solution  of  KOH. 

CNOC^s  +  2KOH  -  CjHbNH,  +  KjCO^ 

This  reaction  yields  only  primary  amins. 

Second:  By  heating  a  concentrated  solution  of  ammonium  hydroxide  with  the 
chloride,  iodide,  bromide,  or  nitrate  of  the  alcohol  radicaL 
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NH^     +     CH,I     -     NHJCH,    +     HI. 
Ammonia.      Methyl-iodide.      Methylamin. 

HI     +     NHjCH,     -     NH,(CHi)I. 
Methylamin.        Methyl-ammonium 
Iodide. 

When  treated  with  KOH,  this  compound  gives  methylamin. 

NH,(CHOI  +  KOH  -  NH^CH,  +  KI  +  H,0. 
Methylamin. 

When  methylamin  is  treated  with  CH,!,  it  forms  dimethyl-ammonium  iodide. 

CHJ  +  NHjCH,  -  NH(CHJ,HI. 

This/  treated  with  KOH,  gives  NH(CH^,.  By  treating  these  last  compounds 
with  a  fresh  quantity  of  CH,I,  we  have  the  following: 

NH(CH^,  +   2CH,I      «      N(CH,)J      +      HI. 
Tetramethyl-ammonium 
lodidtt. 

By  using  ethyl  in  the  above  series  of  reactions,  in  place  of  CH,,  we  obtain  a  series 
of  amins,  in  which  C,Hg  takes  the  place  of  CH^  Numerous  isomers  exist  among 
the  amin  bases.  In  reacting  with  acids,  amins  behave  like  NH,,  the  ammonium 
bases  like  NH4OH.  The  salts  thus  obtained  are  white,  crystalline,  frequently  hygro- 
scopic, and  easily  soluble  in  water.  The  chlorides  form  double  salts  with  PtClf, 
similar  to  aNH^CLPtCl^. 

Hydrozylainin. — NH,0-H.  This  compound,  closely  related  to  anmionia, 
may  be  regarded  as  a  molecule  of  ammonia  in  which  one  hydrogen  atom  has  been 
replaced  by  the  hydroxyl  radical.  It  is  prepared  by  treating  tin  with  diluted  nitric 
acid,  or  a  mixture  of  this  and  hydrochloric  add.  The  nascent  hydrogen  generated 
reduces  the  acid  and  forms  the  hydroxyl  amin. 

H— O— N^  +  3H— H  -  H— O— NH,  +  2H,0. 

It  is  an  unstable  liquid,  not  obtainable  in  a  free  state,  and  possesses  decided  basic 
properties — i.  0.,  it  colors  red  litmus  paper  blue  and  combines  directly  with  adds  to 
form  salts. 

NH,OH  +   HCl         «        NHaOH.HCL 
Hydroxylamin.  Hydrazylamin  Hydrochloride. 

The  hydrochloride  has  been  used  as  a  local  application  in  certain  skin  diseases, 
such  as  psoriasis,  lupus,  etc. 

Meth^amin,  NI^CH„  occurs  in  certain  plants  (Mercurialis  perennis),  in  the 
dbtillate  ^m  bones  and  wood,  and  in  herring-brine.  It  is  formed  in  many  decom- 
positions of  nitrogenous  bodies.  It  is  more  strongly  basic  than  NH,.  It  has  a  pow- 
erful ammoniacsd  odor,  is  soluble  in  water,  and  its  solution  behaves  with  metals 
like  NH4OH.  It  is  a  colorless,  inflammable  gas.  One  volume  of  water  dissolves 
1 154  volumes  of  the  gas.  It  forms  a  well-defin^  series  of  methylamin  salts  with  the 
acids,  which  are  generally  crystallizable  and  soluble  in  water. 

Dimeth^amiiiy  NH(CH,)j,  occurs  in  Peruvian  guano  and  in  pyroligneous 
add. 

Trimethjrlainin,  N(CH,)3,  is  pretty  widely  distributed  in  nature,  is  found  in 
herring-brine,  chenopodium,  arnica-flowers,  and  the  blossom  of  the  pear.  It  also 
occurs  naturally  in  cod-liver  oil,  guano,  human  urine,  in  ergot,  and  many  flowers. 
It  has  been  discovered  in  the  residue  from  the  evaporation  of  water  contaminated 
with  sewage.  Trimethylamin  occurs  in  yeast,  and  is  frequently  obtained  by  the 
distillation  of  distillery  waste.  It  may  be  prepared  by  the  action  of  potassium 
hydroxide  on  many  vegetable  substances,  such  as  alkaloids,  etc.    It  is  an  oily  liquid^ 
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having  a  disagreeable  odor,  a  stron^y  alkaline  taste,  and  is  soluble  in  water,  alcohol, 
and  ether,  ft  combines  with  acids  to  form  crystallizable  salts.  The  three  methyl- 
amins,  above  described,  accomi>anied  by  smaller  quantities  of  other  amins,  are  pro- 
duct by  the  putrefactive  decomposition  of  animal  matters. 

PropyUmin,  NB^C^Hr,  is  a  colorless  liquid,  boiling  at  50®  C.  (122®  F.).  Its 
hydrochloride  has  been  usied  in  medicine. 

Tetramethyl-Ammonium  hydroxide^  ^(CU^fiU,  is  obtained  by  decom- 
posing the  corresponding  iodide,  N(CH.)^.  It  is  a  crystalline  solid,  very  soluble  in 
water,  and  resembling  ammonium  hydroade.  It  forms  crystallizable  salts  with 
acids. 

Cholin,    trimethyl-oxethyl-ammonium  hydroxide,    (CH,),= 

N    ^^  ^      I  occurs  in  combination  in  the  human  body,  in  the 
— Url 

complex  substance  known  as  lecithin.  It  was  first  discovered  among 
the  decomposition  products  of  the  bile.  It  has  been  prepared  by  the  ac- 
tion of  ethylene  oxide  on  trimethylamin.  It  is  a  colorless  fluid  of  oily 
consistency,  possesses  a  strong  alkaline  reaction,  and  forms  deliques- 
cent salts  with  acids.  The  salts  with  HCl,  RCl^,  and  AuClj  are  the 
most  important.  Cholin  is  a  most  unstable  body,  the  mere  heating 
of  its  aqueous  solution  sufficing  to  split  it  up  into  glycol,  trimethyl- 
amin, and  ethylene  oxide.  It  may  be  prepared  from  the  yolks  of  eggs 
by  decomposing  the  residue  left  after  complete  extraction  of  the 
substance  with  alcohol,  by  boiling  it  for  an  hour  with  BaOjH,.  The 
barium  compound  is  decomposed  with  CO,,  and  the  cholin  precipitated 
from  this  solution  with  PtCl4.  By  oxidation  with  nitric  add  it  yields 
an  extremely  poisonous  alkaloid,  muscarin,  QHi^NO,.  Cholin 
itself  is  more  or  less  poisonous,  and  is  one  of  the  ptomaines  which 
occur  in  putrefying  animal  matters. 

Neurin,    Trimethyl-yiayl- ammonium     Hydroxide.  —  NOH- 

\  x"S*^*.    This  substance  is  closely  related  to  cholin,  both  in  com- 
(CjH, 

position  and  origin.    It  is  a  decomposition  product  of  lecithin  and 

protagon,  and  is  formed  by  the  putrefactive  decomposition  of  solutions 

containing  animal  matters.    It  is  one  of  the  alkaloidal  bodies  known 

as  ptomaines.    It  is,  like  choHn,  a  syrupy  fluid  with  a  strong  alkaline 

reaction,  and  is  extremely  soluble  in  water.    It  forms  double  salts 

with  platinum  and  gold  chlorides,  similar  to  those  of  cholin.      Neurin 

is  a  much  more  powerful  poison  than  cholin. 

Muscarin,  (CIL).=N — CH-CH3OH,  is  closely  related  to  cholin 

\OH  \0H 

and  neurin.    It  occurs  in  the  poisonous  mushroom,  Agaricus  mus- 

cariuSf  and   is  produced  during  the  putrefactive  decomposition  of 

albuminoid  substances.    The  free  alkaloid  forms  very  deliquescent, 

colorless,  odorless,   tasteless,  and  strongly  alkaline  crystals.    It  is 
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soluble  In  water  and  alcohol  in  all  proportions,  sparingly  soluble  in 
chloroform,  and  insoluble  in  ether.  It  is  a  more  powerful  base  than 
ammonium  hydroxide,  and  forms  a  series  of  salts.  Like  diolin  and 
neurin,  it  is  a  very  active  poison.  The  symptoms  of  muscarin 
poisoning  are  salivation,  vomiting  and  diarrhea,  contraction  of  the 
pupils,  diminution  of  the  rapidity  of  the  pulse,  interference  with 
respiration  and  locomotion,  gradual  depression  of  the  heart's  action, 
and  finally  death.  Atropine  is  physiologically  antagonistic  to  mus- 
carin, and  diminishes  its  intensity  of  action. 

Ptttrescin,  (CHj)4(NH,),  (tetramethylene  diamin)  and  cadaverin, 
(CH3)5(NH3),  (pentamethylene  diamin)  will  be  referred  to  among  the 
ptomaines.  Certain  diamins  have  been  found  in  traces  in  the  urine, 
but  they  have  not  been  well  studied. 

Piperazine,    Diethylenediamin.— N,  |  !!?  „  v  =  Cfi^^j-     This 

is  a  synthetical  compound  recently  introduced  as  a  solvent  for  uric 
add.  It  is  prepared  by  the  action  of  ammonia  on  ethylene  bromide 
or  chloride. 

The  reaction  is  complex,  giving  salts  of  a  number  of  bases.  When 
this  product  is  distilled,  it  yields  a  distillate  between  130®  C.  and  180** 
C.  (266®  F.  to  356^  F.),  from  which  diethylenediamin  separates. 

By  the  action  of  a  nitrite,  this  is  converted  into  a  dinitroso-piperazine. 
This  substance,  when  treated  with  HCl,  evolves  nitrous  fumes,  and 
forms  hydrochlorate  of  piperazine. 

Piperazine  is  a  white,  lustrous,  crystalline  solid,  melting  at  104^ 
C.  to  107*"  C.  (219.2®  F.  to  224.6®  F.)  and  boiling  at  145®  C. 
(293"  F.). 

It  is  very  soluble  in  water.  It  absorbs  water  and  CO,  from  the  air 
and  becomes  liquefied.  The  aqueous  solution  is  nearly  tasteless  and 
has  a  strong  alkaline  reaction. 

The  compound  which  it  forms  with  uric  acid  is  seventeen  times 
more  soluble  than  lithium  urate,  it  being  soluble  in  fifty  parts  of  water. 
It  is  nqt  decomposed  in  the  body,  and  is  excreted  in  the  urine  as  a 
neutral  urate. 

AMIDS,  AMIC  ACIDS,  AJXD  AMIDO-ACIDS. 

An  amid  may  be  regarded  as  a  compound  formed  from  ammonia 

by  the  substitution  of  one  or  more  add  radicab  for  hydrogen  atoms, 

or  by  substituting  NH,  for  the  hydroxyls  of  an  add.    They  are 

classified  into  primary,  secondary,  and  tertiary,  and  into  monamids 

and  diamids,  the  same  as  the  amins. 

C,H,OOH.  CjHjONHy  HLO,CO.  (NH^,CO. 

Acedc  Add.  AceUmid.  Carbonic  Carbamid. 

Add. 

It  is  evident  that  a  dibasic  add  can  form  two  compounds  of  this 
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kind,  according  as  one  or  both  of  the  OH  groups  are  replaced  by  NH,. 
Where  only  a  part  of  the  HO  is  replaced,  it  forms  an  amic  acid,  and 
when  both  are  replaced  it  forms  an  amid. 

An  amic  acid,  then,  is  an  add  formed  by  substituting  NH,  for 
a  part  of  the  hydroxyl  in  a  polybasic  add. 

H~^^°  '°™*  V>CO  and  NH.>cO 

*JriL-    A  M  CarUimc  Add.  Carbunid. 

Carbonic  Add. 

H,O,(C,O0   forms  ^i^>C,0,  and  n^>C,0, 

Oxalic  Add.  Ozamic  Add.  Oxamid. 

An  amido-acid  is  a  compoimd  formed  by  repladng  one  or  more  H 
atoms  in  the  radical  of  an  organic  add  by  amidogen,  NH,. 

Thus,  amido-acetic  add  has  the  composition,  CH^H,COOH. 

The   imids   differ   from   amids   in   containing   HN'^,  where  the 

latter  contain  NH',.    Thus,  from  carbonic  add  we  may  have: 

CO(NIL),    and    CONH. 
Carbamid.  Carbimid. 

Amids. — ^The  amids  differ  from  the  amins  in  having  an  add 
radical  where  an  amin  has  a  hydrocarbon  radical.  They  may  be 
primary,  secondary,  or  tertiary.  They  may  be  monamids,  diamids, 
or  triamids.  The  primary  monamids  containing  radicals  of  the  fatty 
add  series  are  solid,  crystallizable  bodies,  neutral  in  reaction,  volatile 
without  decomposition,  and  are  usually  soluble  in  alcohol  and  ether. 
They  unite  with  acids  to  form  salts.  They  also  imite  with  certain  alka- 
line hydroxides  to  form  metallic  salts. 

Formamid,  NH3CHO,  is  a  colorless  liquid,  soluble  in  water  and 
alcohol,  boiling  at  192**  C.  (377.6**  F.)  with  partial  decomposition. 
It  is  prepared  by  heating  ethyl-formate  with  an  alcoholic  solution  of 
ammonia,  or  by  the  dry  distillation  of  anunonium  formate.  It  com- 
bines widi  chloral  to  form  a  compound  which  has  been  introduced 
into  medidne  as  a  hypnotic  imder  the  name  of  chloralamid. 

Acetamid,  NH, .  QH^O,  may  be  prepared  by  heating  ammonium 
acetate 

NH,C,H,0,  +  heat  -  NHjC^O  +  H,0. 

It  crystallizes  in  long  needles  melting  at  82®  C.  It  dissolves  with 
ease  in  water  and  alcohol. 

Chloralamid,  chloralformamidum  (U.  S.  P.),  NH  |  ^P^^  qjj 

is  a  compound  formed  by  the  direct  combination  of  equal  molecules 
of  formamid  and  chbral.  It  occurs  in  the  form  of  colorless,  odorless, 
faintly  bitter  crystals,  fusing  at  115®  C.  (239®  F.),  and  is  sparingly 
soluble  in  water.    It  requires  about  20  parts  of  cold  water,  or  1}  parts 
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of  96  per  cent,  alcohol,  to  dissolve  i  part  of  the  substance.  Hot  water 
decomposes  it  into  chloral  hydrate  and  ammonium  formate.  The 
same  effect  is  produced  by  alkalies,  but  not  by  dilute  acids.  It  is 
employed  as  a  hypnotic  in  from  10-  to  40-grain  doses. 

Urea,  carbamid,  (NHj)jCO,  is  the  chief  nitrogenous  constituent 
of  urine.  The  urine  of  birds  contains  a  small  quantity.  When  on  a 
mixed  diet  the  average  normal  human  \uine  contains  from  2.5  to  3.5 
per  cent.,  the  average  daily  excretion  being  about  30  gm.  It  is  also 
found  in  minute  quantities  in  normal  blood,  serous  fluids,  lymph,  per- 
spiration, and  the  aqueous  humor.  It  is  also  met  with  in  the  liver.  It 
crystallizes  from  a  concentrated  solution  in  the  form  of  long,  thin, 
glistening,  needle-shaped  crystals.  If  deposited  slowly,  it  forms 
anhydrous,  four-sided  prisms  with  pyramidal  ends.  Urea  is  very 
soluble  in  cold  water,  less  soluble  in  alcohol,  and  insoluble  in  pure 
ether  and  petroleum  ether.  It  possesses  a  somewhat  bitter,  cooling 
taste,  resembling  that  of  saltpeter.  It  may  be  prepared  from  the 
urine  by  concentrating  to  a  syrup,  extracting  the  residue  with  boiling 
alcohol,  and  concentrating  the  alcoholic  extract  by  slow,  spontaneous 
evaporation,  until  the  urea  crystallizes  out.  It  is  then  purified  by  re- 
crystallization  from  alcohol,  decolorizing  with  charcoal  if  necessary. 
Or,  the  urea  may  be  precipitated  as  nitrate  by  the  addition  of  nitric 
add  to  the  concentrated  and  cooled  urine.  The  nitrate  is  then  de- 
composed by  suspending  it  in  water  and  adding  barium  carbonate. 
The  urea  is  then  aystalHzed  as  before.  It  may  be  prepared  S3nitheti- 
cally  in  several  ways.  The  most  convenient  method  is  by  mixing 
equal  quantities  of  ammonium  sulphate  and  potassium  cyanate.  The 
ammonium  cyanate  thus  formed,  on  being  evaporated  to  dryness,  is 
transformed  into  urea,  NH^CON  =  NHjCONH,.  This  synthesis  was 
performed  by  Wohler  in  1828,  and  was  the  first  substance  of  animal 
origin  that  was  artificially  prepared,  and  may  be  regarded  as  the 
beginning  of  synthetic  chemistry.  Urea  forms  well-de&ied  salts  with 
both  bases  and  acids.  The  nitrate,  (NH2),C0  .  HNO,,  is  easily  ob- 
tained from  urine  by  evaporating  it  down  to  about  one-fourth  its 
volume,  adding  pure  nitric  add,  and  keeping  the  solution  cool.  The 
crystals  will  separate  in  a  few  minutes  in  the  form  of  rhombic  tables, 
frequently  aggregated  into  masses.  The  crystals  are  only  slightly 
soluble  in  HNO,  or  alcohol,  but  are  soluble  in  water.  The  oxalate  of 
urea  crystallizes  out  in  rhombic  tables,  closely  resembling  those  of 
the  nitrate,  and  under  the  same  conditions.  Of  the  many  salts 
which  lurea  forms  with  bases  and  salts,  that  which  it  forms  with  mer- 
curic nitrate  is  important,  because  this  salt  is  used  as  a  reagent  for  the 
quantitative  estimation  of  urea.  When  a  solution  of  mercuric  nitrate 
is  added  to  one  of  urea,  a  precipitate  is  formed  as  long  as  urea  remains 
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in  solution.  Urea  may  be  heated  dry  to  about  120®  C.  (248**  F.) 
without  decomposing,  but  at  about  132.6**  C.  (271®  F.)  it  gives  oflf 
anmionia,  and  at  150®  C.  (302*^  F.)  it  is  converted  largdy  into 
biuret. 

a{Niy  CO  -  NHjCONHCONH,  +  NH^ 

On  heating  to  a  higher  temperature, — about  200®  C.  (392®  F.), — it 
is  largely  converted  into  cyanuric  add.  When  boiled  in  water  with 
dilute  H^O^  or  alkalies,  it  gradually  absorbs  two  molecules  of  water, 
and  is  converted  into  carbonic  add  and  ammonia.  A  similar  change 
is  produced  under  the  influence  of  certain  micro-organisms,  which  are 
found  in  urine  undergoing  the  alkaline  fermentation.  The  best  known 
of  these  is  the  micrococcus  lurae,  from  which  a  soluble  hydrolytic 
enzyme,  urease,  may  be  extracted.  The  most  prolific  source  of  urease 
is  the  mucus  secreted  in  inflammatory  diseases  of  the  bladder.  In 
such  cases  the  enz3rme  seems  to  be  assodated  with  mudn,  and  is 
presumably  secreted  by  the  mucous  membrane.  This  explains  why, 
in  all  inflammatory  diseases  of  the  bladder,  the  urine  so  readily  under- 
goes the  alkaline  fermentation.  When  treated  with  nitrous  add,  urea 
undergoes  decomposition  into  CO,,  N,  and  H,0.  A  similar  decompo- 
^tion  is  obtained  by  the  action  of  NaOCl  or  NaOBr. 

(NH^jCO  +  3NaBrO  -  3NaBr  +  CO,  +  N,  +  aH,0. 

Since  the  volume  of  N  evolved  is  constant  for  a  given  wdght  of  urea, 
this  reaction  is  made  the  basis  of  a  method  for  the  quantitative  estima- 
tion of  urea  in  urine.  Urea  may  be  detected  in  solution  by  evaporation 
with  nitric  add  or  oxalic  add,  and  examining  the  crystals  under  a  lens. 
Mercuric  nitrate  should  give  a  predpitate  in  the  absence  of  sodium 
chloride  in  excess. 

Amic  Acids. — We  have  defined  these  adds  as  formed  by  repladng 
a  part  of  the  hydroxyl  of  a  polybasic  add  by  amidogen,  NH,.  They 
are  sometimes  called  acid  amids,  which  considers  them  to  be  de- 
rived from  anmionia  by  repladng  one  atom  of  H  in  NH,  by  an 
add  which  still  retains  at  least  one  hydroxyl.  There  are  but  a  few 
of  these  adds  met  with  in  pharmacy  or  in  medidne.  They  exhibit 
both  add  and  basic  properties. 

Carbamic  Acid  (Amino-formic  Acid).— The  ammonium  salt  of 
this  add  is  found  in  urine  and  in  the  blood.  It  may  be  formed  by 
oxidizing  albumin  with  potassium  permanganate;  or,  by  the  action  of 
dry  ammonia  on  dry  CO,. 

CO,  +  2NH,  -  NH4— O— CO  .  NH,. 

The  acid  is  not  known  in  the  free  state. 

Ammonium  carbamate  forms  spontaneously  in  solutions  of  am- 
27 
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monium  carbonate  (see  Ammonium  Carbonate).  The  ammonium  salt 
is  a  white,  crystalline  mass  very  soluble  in  water.  Its  solutions  are 
unstable,  partly  changing  into  anmionium  carbonate.  When  it  is 
heated  to  60*^  C.  (140"*  F.)  it  splits  up  into  NH,  and  COy  When 
heated  to  140®  C.  (284®  F.)  under  pressiure  it  is  converted  into  urea. 

NH«  —  O— CO— NH,  -  CO(NHJ,  +  H,0. 

Amido-acidSy  or  Amino-acids. — These  adds  may  be  regarded  as 
organic  acids  in  which  a  hydrogen  in  the  radical  has  been  replaced 
by  amidogen,  NH,.  These  adds  are  of  great  importance  in  physio- 
logical chemistry,  as  they  are  found  in  many  of  the  secretions  and 
take  an  important  part  in  tissue  changes.  Several  of  then!  result  from 
the  decomposition  of  nitrogenous  tissues  and  are  found  among 
the  intermediate  products  of  retrograde  changes  in  the  body.  The 
amino-adds  form  salts  with  both  adds  and  bases.  They  can  also  permit 
of  subslitutions  in  the  amidogen  group,  and  thus  form  a  variety  of 
complicated  compounds. 

Ammo-acetic  Acid,  Glycocoly  Glycin.— CH^H,COOH  may 
be  prepared  by  boiling  glue  with  ll^O^  or  BaO,H,.  It  can  also  be 
prepared  by  the  action  of  ammonia  on  monochloracetic  add. 

CHjClCOOH  +  NH,  -  CHJ^HjCOOH  +  HCl. 

It  may  also  be  prepared  from  ox-bile,  from  uric  acid,  or  by  the  action 
of  formaldehyde  upon  a  solution  of  hydrocyanic  acid.  CHjO  -f 
HCN+ H,0=»NH,CH,COOH.  It  forms  large,  colorless,  trans- 
parent crystals,  having  a  sweet  taste  and  melting  at  170®  C.  (338®  F.), 
and  decomposing  at  higher  temperatures.  It  is  sparingly  soluble  in 
cold  water,  but  more  soluble  in  warm.  It  is  insoluble  in  alcohol  and 
ether,  and  has  an  acid  reaction.  It  combines  with  acids  to  form  crys- 
talline salts,  which  are  generally  decomposed  by  boiling  water  or  by 
treatment  with  strong  acids.  When  heated  under  pressure  with  ben- 
zoic acid,  it  forms  hippuric  acid.  Its  acid  function  is  more  marked 
than  its  basic.  It  expels  carbonic  and  acetic  acids  from  many  of  their 
salts.  With  ferric  diloride,  Fe^Cl^  it  gives  an  intense  r«l-colored 
solution,  discharged  by  acids  and  returning  on  neutralization.  It 
gives  a  characteristic  copper  salt,  like  most  of  the  amido-acids.  This 
salt  serves  for  the  separation  of  these  adds. 

Glycocol  does  not  occur  in  the  free  state  in  the  animal  body,  but 
enters  into  the  composition  of  several  important  substances,  more 
especially  hippuric  and  glycocholic  acids.  It  exists  in  combination  in 
the  gelatins,  and  in  the  bile  as  sodium  glycocholate. 

Hippuric    Acid,  Benzamidacetic   Acid,  Benzoyl-glycocol.— 
/COC.H, 

N — CjHjO .  OH.     This  acid  is  found  m  the  urine  of  herbivorous 
NH 
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animals,  and  in  small  quantity  in  human  urine.  When  benzoic  add 
or  oil  of  bitter  almonds  is  taken  internally,  hippuric  acid  appears  in 
the  urine.  It  is  generally  prepared  by  evaporating  the  urine  of  the 
cow  or  horse  to  one-tenth  its  volume,  and  precipitating  with  hydro- 
chloric acid.  It  forms  large,  rhombic  prisms,  soluble  in  hot,  but 
sparingly  in  cold  water;  soluble  in  alcohol,  but  not  in  ether.  The 
hippurates  resemble  the  benzoates. 


"! 


Methyl-glycocoly    sarcosiiiy    N  <  CH3  ,  is  found  only  in 

(CH,COOH 
combination  in  the  human  body.    It  is  of  some  interest  as  having 
been  employed  in  experiments  to  determine  the  origin  of  urea  in  the 
body.    It  combines  with  cyanamid  to  form  creatin.    It,  therefore, 
enters  into  the  composition  of  creatin. 

Creatin,  Methylguanidinacetic  Acid.— 
'  — H  .N(CHj) .  CH, .  COOH 
^C(  =CJi^JOr       When     methyl-gly- 

NH, 
cocol  is  treated  with  cyanamid,  creatin  is  produced.     When  cyan- 
amid is  treated  with  boiling  baryta  water,  it  takes  up  a  molecule  of 
water  and  forms  urea. 

CNNH,  +  H,0  -  COrNH,),. 
Cyanamid.  Urea. 

When  creatin  is  similarly  treated,  it  yields  sarcosin  and  urea, 
showing  the  relation  between  urea  and  creatin,  which  body  is  prob- 
ably one  of  the  sources  of  urea  in  the  human  body.  Creatin  occurs 
duu^cteristically  in  the  muscles,  and  hence  in  meat-extracts.  The 
amount  is  variable,  but  may  be  taken  as  from  0.2  to  0.3  per  cent,  of 
the  weight  of  the  muscle.  It  is  also  found  in  nervous  tissues  and  in 
several  other  tissues  of  the  body.  It  may  also  be  found  in  the  urine, 
where  it  is  beKeved  to  be  derived  from  creatinin.  Creatin,  when  pure, 
forms  white,  opaque,  colorless,  transparent  crystals.  It  is  soluble  in 
seventy-five  parts  of  water,  slightly  soluble  in  alcohol,  and  insoluble 
in  ether.  Its  solutions  are  neutral  in  reaction.  Creatin  is  a  weak 
base,  forming  crystalline  compounds  with  some  of  the  acids.  It  is 
most  easily  prepared  from  extract  of  beef,  which  is  dissolved  in  water, 
precipitated  with  basic  acetate  of  lead,  filtered,  and  the  lead  separated 
■  from  the  filtrate  with  HjS,  concentrated  at  a  moderate  temperatxure  to 
a  syrup,  and  set  aside  to  crystallize. 

N(CH,).CH, 

Creatinin.— NH=C\  |      ^QHjNjO.    As  stated  above, 

NH  —  CO 
creatin  may  easily  be  derived  from  creatinin,  and  the  reverse.    Creatin 
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very  readily  loses  a  molecule  of  H^O,  and  thus  becomes  creatiniii. 
Creatinin  occurs  normally  as  a  constant  constituent  of  the  urine,  vary- 
ing in  amount  from  0.5  to  4.9  gm.  per  day,  according  to  the  amount 
of  meat  eaten.  It  crystallizes  in  colorless  prisms  or  tables,  according 
to  the  condition  in  which  it  is  crystallized.  It  frequently  assumes 
the  peculiar  whetstone  shape  of  uric  add  crystals.  It  is  readily  soluble 
in  cold  water  and  in  alcohol,  but  is  scarcely  soluble  in  ether,  and 
does  not  appear  as  a  sediment  in  urine.  Its  solutions  are  usually 
alkaline,  and  it  acts  as  a  powerful  base,  forming  compounds  with  the 
acids  which  crystallize  well.  It  is  precipitated  from  its  solutions  by 
ZnCl,,  in  the  form  of  a  crystalline  precipitate  or  warty  lumps  of  aggre- 
gated crystals.  Thb  compound  is  formed  whenever  the  solutions  are 
brought  together  in  a  neutral  and  somewhat  concentrated  form.  The 
addition  of  alcohol  to  the  solution  renders  the  precipitate  more  com- 
plete. This  compound  with  ZnCl,  is  employed  as  a  characteristic 
test  for  creatinin. 

Leuciiiy  amino-caproic  acid,  (CH,)CH,.  CH,.  CH,.  CH(NH,).- 
COOH,  is  a  product  of  the  decomposition  of  proteins  and  gelatm, 
by  either  boiling  adds,  caustic  alkalies,  pancreatic  digestion,  or  putre- 
factive fermentation.  It  occurs  normally  in  variable  amounts  in  the 
pancreas,  spleen,  thymus,  thyroid,  liver,  and  salivary  glands;  also  in 
plants,  such  as  bulbs,  tubers,  and  seeds,  where  reserved  material  is 
stored.  It  is  most  easily  prepared  by  pancreatic  digestion  of  protdds, 
when  it  is  produced  in  quantities  of  from  8  to  10  per  cent  of  the  protdd 
digested,  and  is  then  always  accompanied  by  tyrosin.  It  sometimes 
occurs  in  the  urine,  particularly  in  cases  of  acute  yellow  atrophy  of 
the  liver,  although  it  does  not  always  occur  in  this  disease.  Leudn 
forms  yellow-brown  spheres  consisting  of  masses  of  needle-shaped 
crystals,  soluble  in  water,  slightly  soluble  in  alcohol,  and  insoluble 
in  ether.  Under  the  microscope  the  spheres  resemble  fat-globules. 
When  pure  it  forms  very  thin,  white,  glistening  crystals.  Leudn  is 
very  soluble  in  the  presence  of  acids  and  alkalies,  the  add  solution 
being  levorotatory,  the  alkaline  solution  bdng  dextrorotatory.  When 
heated,  leudn  decomposes  into  CO,  and  amylamin. 

QHijNO,  -  CO,  +  C,H„NH,. 

With  H,S04  it  &^^  ammonia,  NH„  and  valerianic  add.  With 
oxidizing  agents,  as  potassium  permanganate,  it  gives  oxalic  add,' 
carbonic  add,  valerianic  acid,  and  ammonia.  It  is  probable  that 
similar  decompositions  occur  in  the  human  body.  It  is  probably  one 
of  the  intermediate  products  in  the  formation  of  urea  from  tissue 
proteids. 

Tjrrosin,  Amino-hydrozyphenyi-propionic  Acid.— Propionic  add 
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has  the  formula   CgH^O^    Amido-propionic  acid  has  the  formula 
CaH^NHjCOOH.    Amido-oxyphenyl-propionic  add  has  the  formula 
NH, 

Tyrosin  usually  accompanies  leudn,- 
HOCeH, .  CH, .  CH .  COOH. 

though  in  less  amount,  as  the  product  of  the  pancreatic  digestion 
of  proteids,  but  not  of  gelatin.  It  is  also  a  product  of  the  putrefac- 
tive decomposition  of  proteids  and  gelatin,  as  well  as  of  the  action 
of  boiling  mineral  adds  and  alkalies.  It  is  found  normally  in  the 
pancreas  and  some  other  tissues..  It  occurs  in  the  urine,  together 
with  leudn,  in  phosphorus  poisoning,  and  in  certain  diseases  of 
the  liver,  espedally  in  yellow  atrophy.  It  is  also  present,  along 
with  leudn,  in  many  plant-tissues.  Tyrosin  sometimes  appears 
as  a  sediment  in  luine,  and  crystallizes  in  very  fine  needles,  usually 
collected  together  in  feathery  masses.  The  crystals  are  colorless, 
tasteless,  and  odorless.  They  are  sparingly  soluble  in  cold  water, 
almost  insoluble  in  alcohol,  and  quite  insoluble  in  ether.  They  are 
readily  soluble  in  adds  and  alkalies.  It  may  be  obtained,  along  with 
leucin,  by  boiling  horn-shavings  with  H^SO^  (5  of  add  to  13  of  water). 
The  H^O^  is  separated  with  lime,  and  the  filtrate  from  the  CaSO^ 
evaporated  down  and  crystallized.  It  is  purified  by  recrystallizing 
from  boiling  water.  When  heated  with  Millon's  reagent,  tyrosin  yields 
a  brilliant  crimson  or  pink  coloration.  If  moistened  on  a  watch-glass 
with  strong  H^O^  and  warmed  for  five  or  ten  minutes  on  a  water* 
bath,  it  forms  tyrosin-sulphonic  acid  and  turns  pink. 

Asparagin,  Amido-aspartic  add.~COOH .  CH, .  CH .  NH, .  CONH^  As- 
paragin  occurs  in  sprouting  lupine  seeds  to  the  extent  of  20  to  30  per  cent. 

Glutamic  add,  amido-glutaric  add,  COOH .  CHNH, .  CH^  CH,  COOH, 
18  also  found  in  sproutins  seeds. 

Aspartic  add,  COOH .  CHNH, .  CH, .  COOH,  is  prepared  by  the  hydrolysis 
of  asparagin. 

Liain.— NH, .  CH, .  CH, .  CH,  .CH, .  CH  :  ^q^ jj  is  a  diamino-acid  obtained 

by  the  splitting  up  of  proteids  by  hydrolysis 

Arginin(guanidin),  QH^N^O,;  hiatidin,  CeHj^N,0,;  omithin;  C,HJ^,0,; 
aiid  camotin,  QHi^N^O,,  are  similar  products  which  are  obtained  by  the  hydroly- 
sis of  proteids.    They  are  all  diamido-  or  polyamido-com pounds. 

Parabanic  add,  C,H,N,0„  is  obtained  by  the  oxidation  of  uric  acid  with  nitric 
acid,  along  with  a  molecule  of  alloxan  and  one  of  urea.  By  further  oxidation, 
alloxan  is  converted  into  parabanic  add,  or  oxalyurea  and  CO,. 

C,H,N.O,  +  O  -h  H,0  -  C,U^fi,  +  (NH,),CO. 
Uric  Aad.  Allozan.  Umu 

C4H,N,0,  -HO-  C,H,N,0,  +  CO^ 

ADoxan.  Parabanic  Add, 

or  Ozaljrorau 
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When  parabanic  acid  Is  heated  with  alkalies,  it  iopns  ozaluric  add,  and  this  bv 
prolonged  boiling  is  converted  into  urea  and  oxalic  add.  By  oxidation  with 
k^MnjOg,  uric  add  is  decomposed  into  allantoin  and  CO^  AUantoin  with  HNO, 
gives  urea  as  one  of  its  decomposition  products. 

Oxaltiric  add,  C^H^^O^,  occurs  in  minute  traces  in  human  urine,  and  is  a 
white,  crystalline  powder,  not  very  soluble  in  water.  Its  alkaline  salts,  however,  are 
readily  soluble. 

Allantoin,  CHiN^O^  is  a  characteristic  constituent  of  the  allantoic  fluid  and 
of  the  amniotic  flmd.  It  is  also  found  in  the  urine  of  many  animals  for  a  short  period 
after  their  birth.  It  is  found  in  the  urine  after  the  internal  administration  of  uric 
add.  It  has  been  found  also  in  vegetable  tissues.  It  crystallizes  in  small,  shining, 
colorless,  hexagonal  prisms. 

Alloxan*— -C^H^jOf.  This  is  one  of  the  decomposition  products  of  uric  add 
under  mild  oxidation.  It  has  been  found  in  the  intestinal  mucus  in  cases  of  diar- 
rhea.   It  cnrstallizes  in  colorless  crystals  readily  soluble  in  water. 

Murexidy  ammonitim  purpurate,  CgH^CNHJN^Oe,  is  produced  by  the  oxi- 
dation of  uric  add,  alloxan,  guamn,  and  a  number  of  oth^  derivatives  of  uric  add 
with  a  subsequent  treatment  with  NH^OH.  It  is  an  ammonium  salt  of  a  hypothet- 
ical add  which  has  not  yet  been  isolated.  It  is  of  a  brilliant  reddish-purple  color, 
and  is  formed  jln  the  murezid  test  for  uric  acid. 

Glycocholic  add.— C^^^NO,.  The  bile  contains  the  sodium  salts  of  two  amino- 
adds,  and  several  adds  derived  from  these  by  decomposition.  The  two  adds 
contained  in  the  bile  are  glycocholic  and  taurocholic  adcb,  which  occur  as  sodium 
salts.  Glycocholic  acid  occurs  in  two  forms,  the  one  as  fine,  crystalline  needles,  and 
the  other  as  an  amorphous,  resinous  solid.  It  is  monobasic.  It  is  soluble  in  hydro- 
chloric, sulphuric,  and  acetic  adds,  without  decomposition;  soluble  in  slycerin, 
slightly  soluble  in  cold  and  readily  in  hot  water;  very  soluble  in  alcohol  and 
insoluble  in  ether.  When  boiled  with  alkalies  or  mineral  acids,  it  splits  up  into 
cholic  add  and  glycodn. 

AMINO-ACIDS  CONTAINIlfO  SULPHUR. 
Cystia,    sulpho-amino-Uctic    acid,  S,<C(C^g^COOH 

is  a  constituent  of  rare  urinary  calculi  occurring  in  men  and  in  dogs. 
It  is  occasionally  found  in  the  urine,  from  which  it  separates  as  a 
sediment  on  standing.  It  is  prepared  from  this  sediment,  or  from  a 
cystic  calculus,  by  solution  in  ammonia  and  crystallizing.  It  crystallizes 
in  regular  six-sided  tablets,  characteristic  in  appearance.  It  is  insolu- 
ble in  ether,  alcohol,  and  water,  but  is  readily  soluble  in  NH^OH. 
When  boiled  with  NaOH,  a  sulphide  of  sodium  is  obtained,  which 
gives  a  dark  stain  on  silver  coin. 

Tatirin,  amino-ethyl   sulphonic  acid  N  |  *J»         ^      occurs 

in  traces  in  the  juice  of  muscles  and  of  the  lung.  It  is  known  chiefly 
as  a  constituent  of  taurocholic  add,  one  of  the  characteristic  biliary 
adds,  espedally  of  the  camivora.  It  crystallizes  in  colorless,  foiu:  or 
six-sided  prisms.    It  is  readily  soluble  in  water,  less  so  in  alcohol 
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Its  solutions  are  neutral.  It  is  a  very  stable  compound,  resisting  a 
temperature  of  less  than  240^  C.  (464^  F.),  and  is  not  decomposed 
by  diluted  alkalies  or  adds,  even  on  boiling.  The  metallic  salts  do 
not  precipitate  it  It  may  be  prepared  from  ox-bile  by  boiling  for 
sevend  hours  with  diluted  HCl.  A  resinous  scum  separates,  and  the 
bile  acids  are  then  precipitated  from  the  liquid  with  lead  acetate,  the 
excess  of  lead  being  removed  with  HjS.  The  filtrate  from  the  PbS  is 
concentrated  and  set  aside  to  crystallize.  It  is  purified  by  reaystal- 
lization.  When  taurin  is  introduced  into  the  alimentary  canal,  the 
larger  part  appears  in  the  urine  in  combination  with  carbamic  add 
as  taurocarbamic  add.  When  injected  subcutaneously,  it  is  largely 
excreted  in  an  unaltered  form. 

Taurocholic  acid,  C3,H|bNS07,  occurs  in  small  quantity  in  human 
bile,  but  in  larger  quantity  in  that  of  the  camivora.  It  is  soluble  in 
water  and  alcohol.  With  boiling  alkaline  or  add  solutions  it  forms 
cholic  acid  and  tatiriiiy  C3H7NSO,.  ,  The  spontaneous  decomposi- 
tion of  bile  causes  the  same  change. 

Both  glycocholic  and  taurocholic  adds  form  salts  which  have  the 
power  of  dissolving  cholesterin  and  of  emulsifying  fats.  They  also 
form  insoluble  compounds  with  the  salts  of  the  alkaloids  and  with 
peptone.  These  salts  are  soluble,  however,  in  excess  of  the  biliary 
salts.  The  taurocholate  of  morphine  is  crystallizable.  The  glyco- 
cholate  of  sodium  may  be  prepared  from  fresh  ox-bile.  They  may  be 
predpitated  from  neutral  solutions  by  lead  acetate,  but  the  precipi- 
tate is  soluble  in  an  excess  of  the  predpitant 

Tests  for  Biliary  Adds. — ^To  a  solution  of  the  biliary  acids  add  a  few  drops  of 
a  solution  of  cane-sugar  (i  :  10),  and  then  strong  sulphuric  add.  A  cherry-red, 
followed  by  a  deep  purple-violet  color  is  produced.  This  test,  known  as  Petten- 
kofer's,  can  not  be  applied  to  organic  mixtures,  as  urine,  because  numerous  other 
bodies  give  the  same  color. 

To  apply  it  to  such  mixtures,  evaporate  to  dryness,  exhaust  the  residue  with  ab- 
solute alcohol,  decolorize  the  solution  with  animal  charcoal,  evaporate  to  dryness, 
dissolve  in  water,  and  then  test  as  above. 
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CsHor-v  aeries. 

This  series  of  hydrocarbons  is  called  the  benzene  series,  because  they 
are  all  derivatives  of  benzene;  and  aromatic,  because  most  of  them 
have  an  aroflatic  odor  and  taste. 

The  compounds  of  this  series  differ  from  those  thus  far  men- 
tioned, in  the  structure  of  their  molecules,  in  that  the  carbon  atoms  are 
arranged  in  the  form  of  a  dosed  chain,  or  cyde. 
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H    c^\c    H  ^ 

L  Jl  also  written: 

H    %c/      H  \/ 

H 
i.  e.,  every  carbon  atom  is  the  equivalent  of  every  other,  while  in  the 
other  hydrocarbons  we  have  noticed  a  difference  between  the  end 
ones  and  the  others.  The  H  atoms  in  benzene  are  all  alike  in  be> 
havior.  We  arrive  at  the  idea  that  the  C  atoms  are  in  a  closed  chain 
by  the  following  facts:  Benzene  takes  up  two,  four,  or  six  atoms  of 
H,  CI,  or  Br,  according  to  the  conditions  of  the  experiment.  Ben- 
aene  thus  becomes,  under  the  prolonged  action  of  HI,  hexa-hydro- 
benzene,  QH^,  but  the  continued  action  of  HI  does  not  impart  to 
it  any  more  H  atoms.  If  the  carbon  atoms  were  arranged  in  an  open 
chain,  it  would  become  CoH^^  when  all  bonds  on  the  carbon  atoms 
have  been  saturated. 

The  hezachloride  of  benzene,  QHeCl^,  when  once  formed,  re- 
fuses to  take  up  more  chlorine.  The  same  is  true  of  the  hexabromide. 
In  order  to  give  an  explanation  of  these  facts,  it  is  necessary  to  assume 
one  of  the  following  graphic  formulae  as  the  proper  arrangement  of 
the  C  atoms  in  its  molecule: 
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The  first  one  of  these  three  formulae  is  the  one  suggested  by  KekuM 
in  1866,  and  is  the  one  now  generally  accepted  as  most  in  accord 
with  all  the  known  reactions  of  benzene. 

When  di-derivatives  from  benzene  are  formed,  we  find  three  pos- 
sible isomers.  If  we  examine  the  possible  formulae,  we  find  tiie 
following  possible  groupings,  in  the  case  of  the  alcohols: 

OH  OH  OH 

C  c  c 

/"^  /'^  /»%%, 

HC,     ,COH  HC.    ,CH  HC,    ,CH 

11        I  "        i  ll*    i 

HC,     ,CH  HC,     ,COH  HC,    ,CH 

V  V  V 

H  H  OH  . 

Ortho-dihydroxy-beiiseiie,  or       Bieta-dihydroxy-beiuene,  or       Pum-dihjdroKy-beiuene,  oi 
Pyrocatechin.  Reaordn.  fifydnxjuiiioii. 


THE  BENZENE  OR  AROMATIC  HYDROCARBONS.  409 

In  like  manner  there  are  three  dichlorides,  three  dibromides,  and 
three  dinitrobenzenes,  but  no  more.  By  inspection  it  will  be  seen  that 
the  two  hydroxyls  could  not  be  placed  in  other  relative  positions  than  in 
the  above  three  formulae.  For  if  the  OH  groups  were  placed  on  the  C 
atoms  I  and  6,  we  should  have  the  same  compound  as  if  placed  on  i 
and  2;  or  if  placed  on  i  and  5,  the  effect  would  be  the  same  as  if  placed 
on  I  and  3.  The  benzene  hydrocarbons  are,  as  a  rule,  easily  nitrated, 
producing  mon-,  di-,  or  tri-derivatives,  according  to  the  conditions  of  the 
experiment.  Hydrocarbons  of  this  series  oxidize  with  difficulty.  Owing  to 
this  difficulty  of  oxidation,  derivatives  from  benzene  usually  pass  through 
the  body,  or  are  eliminated  in  the  urine  with  the  nucleus  intact.  For 
example:  Salicylic  acid  and  phenol  or  carbolic  acid  appear  in  the  urine 
unchanged  or  but  slightiy  changed.  The  lower  benzene  hydrocarbons 
are  mosdy  liquids,  insoluble  in  water,  but  soluble  in  alcohol  and  ether, 
and  distil  without  decomposition.  The  higher  members  of  this  series 
are  solid  and  crystalline.  They  all  bum  with  a  luminous,  smoky 
flame.  The  homologues  of  benzene  may  be  regarded  as  derived  from 
it  by  the  substitution  of  one  or  more  hydrocarbon  radicals  for  hydrogen 
atoms.  The  relative  position  of  substituted  radicals  in  the  benzene 
compounds  are  often  indicated  by  placing  before  or  after  the  formula 
<he  figures  indicating  the  number  of  the  carbon  atom  on  which  the  sub- 
stitution is  believed  to  have  taken  place,  as  in  xylene,  mentioned  below, 
or  by  the  use  of  the  prefixes  ortho,  meta,  and  para,  as  used  in  the 
dihydroxy-benzenes  above. 

Benzene  and  rrs  Homologues. 

Benzene,  C,He boibat  8i*»  C.  (177.8^.). 

Toluene,  or  methyl-benzene,  CeHjCIL "  iii^C.  (231.8^?.). 

Xylene,  or  dimethyl-benzene,  CeH^(CHj,  ( i  :  ^) "  140**  C.  (284*  F.). 

Pseudocumene,    or    trimethyl-benzene,     CeHj(CH,)s 

(1:2:4) "  i66'»C.  (330.8^F.). 

Mesitylene,  trimethyl-benzene,  C,H,(CH,),  (1:3:5)..  "  139''  C.  (282.2**  F.). 

Cumene,  isopropyl-benzene,  CeH, .  CH(CHp, "  153**^.  (307.4"*  F.). 

Cymeiie,    methyl-isopropyl    benzene,    CeH^CHjCH- 

(CH,), "  I75**C.  (347°  F.) 

The  benzene  series  of  hydrocarbons  are  remarkable  for  the  large 
number  of  isomers  they  present. 

Benzene,  Benzol.— QH^.  The  first  member  of  this  series  of 
hydrocarbons  is  of  considerable  importance.  This  compound,  QH^, 
must  not  be  confounded  with  benzine,  which  is  a  trade  name,  and  is 
used  to  designate  a  mixture  of  hydrocarbons  having  a  variable  compo- 
sition and  boiling  point,  and  generally  known  under  the  name  of 
naphtha.  Benzene  was  formerly  prepared  by  distilling  benzoic  acid 
with  lime.  It  is  now  obtained  in  large  quantities  by  the  distillation 
of  coal-tar  from  gas-works. 
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In  the  primary  distillation  of  coal-tar  the  lighter  portion  of  the  distil- 
late is  preserved.  It  is  first  washed  with  HjSO^,  and  then  with  a  solution 
of  caustic  soda  and  redbtilled.  That  portion  which  goes  over  between 
80^  and  85**  C.  (176^  and  185^  F.)  is  retained.  This  forms  the  com- 
mercial benzene,  which  is  a  mixture  of  benzene,  toluene,  and  other  hy- 
drocarbons. Benzene  is  a  colorless,  limpid,  highly  refractive  liquid,  with 
an  aromatic  odor  and  pungent  taste.  Its  sp.  gr.  is  0.86.  It  crystallizes 
at  5.4^  C.  (41,7**  F.)  and  boils  at  80.5°  C.  (176.9**  F.).  It  burns  with 
a  smoky  flame,  is  insoluble  in  water,  but  soluble  in  ether,  alcohol,  acetone, 
and  naphtha.  It  dissolves  sulphur,  phosphorus,  iodine,  resins,  fats, 
caoutchouc,  gutta-percha,  and  many  of  the  alkaloids.  Benzene  unites 
with  chlorine,  iodine,  and  bromine  to  form  either  addition  or  sub- 
stitution products,  according  to  the  conditions.  It  also  combines  with 
sulphuric  acid  to  form  sulphobenzene  when  the  anhydrous  acid  is  used, 
or  phenolsulphonic  acid  when  ordinary  H2SO4  is  used.  With  fuming 
nitric  acid,  benzene  forms  a  yellow  liquid,  nitrobenzene^  CeH5N02. 
If  benzene  is  boiled  with  fuming  nitric  acid,  or  with  a  mixture  of 
nitric  and  sulphuric  acids,  dinitrobenzene,  ^^[^(NO,),,  is  formed. 

By  passing  the  vapor  of  benzene  through  a  red-hot  tube,  it  is  par- 
tially decomposed,  with  the  separation  of  H,  and  the  formation  of 
diphenyl.  « 

aCeH«  =  C^H, — CfH^  -f-  H^ 

The  same  compound  is  formed  by  the  following  reaction: 

2C«H.Br  +  Na,  -  CJH,— C.H,  -f-  aNaBr. 
Monobrcnnbenzene.  Diphenyl. 

DiDhenyl  is  found  in  gas-tar  and  distils  at  about  260®  C.  (500®  F.). 

Toluene,  CeH^CH^  is  a  colorless  liquid  resembling  benzene  in  its  physical  prop- 
erties, except  the  boiling  point  Xylene  or  zyloly  Ce^(CH,)2  (i  :  3),  is  also  a  clear, 
colorless  liquid  resembling  benzene. 

Cymene,  CioH,^  is  closely  related  to  the  terpenes,  CioH,^  and  the  camphors, 
CiqHmO,  as  it  can  be  prepared  from  camphor  in  several  ways.  It  is  a  constituent 
of  a  number  of  the  volatile  oils,  as  oil  of  caraway,  oil  of  thyme,  and  oil  of  eucalyptus. 

The  benzene  nucleus  is  sometimes  met  with  in  the  condensed  form — 
i,  e.j  two  or  more  of  the  nuclei  fuse  together,  ¥rith  two  C  atoms  com- 
mon to  the  two  adjoining  groups. 

Two  benzene  molecules  thus  condensed  give  naphthalene : 
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Three  benzene  molecules  thus  condensed  give  a  molecule  of  an** 
thracene: 
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Naphthalene,  QoHg,  naphthalentun  (U.  S.  P.),  is  obtained  from 
coal-tar  by  distillation.  It  comes  over  with  heavy  oils,  between  i8o**  C. 
and  220®  C.  (356**  F.  and  428^  F.),  but  crystallizes  from  them  in 
white,  glistening,  leafy  crystals,  of  a  peculiar,  aromatic  odor  and  burn- 
ing taste;  it  melts  at  79.2^  C.  (1745^  F.),  is  insoluble  in  water,  but 
soluble  in  hot  alcohol,  ether,  or  benzene. 

The  principal  interest  of  naphthalene  to  the  physician  b  its  value 
as  an  antiseptic  dressing  for  wounds.  For  this  purpose  it  must  be 
thoroughly  purified  by  reaystallization  from  alcohol,  or  distillation 
with  steam.  It  is  also  used  as  an  intestinal  antiseptic,  and  as  a  moth- 
destroyer,  under  the  name  of  coal-tar  camphor.  Naphthalene 
takes  up  hydrogen  quite  readily  to  form  the  dihydride,  CjoHgHj;  the 
tetrahydride,  QJHjH^;  the  hexahydride,  CjoHgHe;  and  the  decahydride, 
CjoHgHjo.  It  also  forms  a  dichloride,  CjoHg .  Clj,  and  a  tetrachloride, 
CjoHjCli.  This  last  compound,  when  oxidized  with  nitric  acid,  yields 
phthalic  acid,  QH^CCOOH),  (1:2). 

Anthracene,  C^JI^^  is  a  white,  crystalline  body  obtained  from 
coal-tar,  distilling  above  360®  C.  (680*^  F.).  Its  constitution  is  shown 
by  the  graphic  formula  above. 

The  chief  interest  of  anthracene  is  that  it  serves  as  the  starting 

point  in  the  manufacture  of    alizarin,   CeH4<^^>CeH,(OH)„  or 

artificial  madder.  Its  solutions  possess  a  beautiful  blue  fluorescence, 
a  property  observed  in  many  of  the  heavier  hydrocarbons  derived 
from  coal-tar  and  petroleum — i.  «.,  their  solutions  are  colorless  or 
yellowish  by  transmitted  light,  but  when  viewed  by  reflected  light  appear 
bluish.  The  phenomenon  is  well  seen  in  solutions  of  quinine  sulphate. 
By  oxidation  anthracene  yields  anthraquinone. 

DERIVATIVES  OF  BENZENE. 
Hydrogen  Addition  Products. — When  hydrogen  is  added  to  ben- 
zene the  resulting  compound  loses  its  aromatic  properties  and  behaves, 
In  many  respects,  like  the  fatty  hydrocarbons. 
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From  benzene  we  can  thus  have  dihydrobenzenei  tetrahydro- 
benzene,  and  hexahydrobenzene.    This  last  body  is  called  heza- 

C 

methylene,      |         |      =CJcl^.   This  body  and  some  of  its  isomers  are 
H,C       CH. 

C 

found  in  Russian  petroleum.    They  are  called  collectively  naphtfaenes. 

Hexamethylene-tetramin,  formin,  urotropine,  (CH2)eN4,  is 
formed  by  adding  NH^OH  to  formalin  solution.  6CH3O  +  4NH4OH  = 
QH^CNHj)^  +  6H2O.  It  is  a  white,  crystalline  powder  readily  soluble 
in  water,  but  insoluble  in  alcohol.  It  is  used  internally  as  a  solvent 
for  uric  acid  and  as  a  urinary  disinfectant  in  cystitis,  nephritis,  pyelitis, 
etc.  It  is  excreted  in  the  urine  and  is  there  partly  broken  up  into 
formaldehyde. 

Halogen  Substitution  and  Addition  Products.— The  action 
of  the  halogens  on  benzene  may  produce  addition  or  substitution 
products,  depending  on  the  conditions  of  the  experiment,  as  sunlight, 
temperature,  etc.  At  ordinary  temperatures  a  few  of  these  are  liquid, 
but  the  most  6f  them  are  crystalline  solids.  They  are  generally  in- 
soluble in  water,  but  soluble  in  alcohol  and  ether.  None  of  these 
compounds  have  found  use  in  medicine. 

PHENOLS. 
Hydroiyl  Derivatives  of  the  Aromatic  or  Benzene  Hydro- 
carbons.— By  the  substitution  of  hydroxyl  for  H,  in  benzene,  we  have 
what  is  termed  a  plienol.  By  the  substitution  of  two  hydroxyls  for 
two  atoms  of  H  in  benzene,  we  have  the  diatomic  phenols.  By 
the  substitution  of  three  hydroxyls,  we  have  the  triatomic  phenols. 
It  will  be  seen  that  in  the  higher  homologues  of  benzene — in  toluene, 
for  example,  QH5CH3,  where  there  is  a  side-chain — it  is  possible  to 
substitute  the  hydroxyl  for  one  of  the  H  atoms  of  the  benzene  nucleus, 
or  for  one  on  the  side-cliain.  In  the  first  instance  we  have  a  phenol; 
in  the  second  we  have  an  alcohol.  That  is,  the  first  can  not  be  oxi- 
dized to  produce  an  acid,  because  the  carboxyl  group  COOH  can  not 
be  produced.  In  the  second  we  can  form  COOH  by  oxidation,  and 
it  is  therefore  a  true  alcohol.  The  phenols,  therefore,  are  isomeric 
with,  but  have  different  properties  from  the  alcohols.  The  phenols 
differ  from  the  alcohols,  in  not  furnishing  corresponding  aldehydes 
and  acids  on  oxidation;    in  not  producing  water  and  hydrocarbons 


PHENOLS. 


413 


under  the  influence  of  dehydrating  agents,  as  all  alcohols  should;  and 
in  not  reacting  with  acids  to  form  esters.  The  phenols  form  more 
stable  compounds  with  metallic  elements  than  the  true  alcohols.  The 
phenols  exhibit  acid  properties,  while  the  alcohols  do  not. 

The  following  graphic  formulae  will  assist  the  student  in  compre- 
hending the  different  derivatives  of  benzene  and  toluene: 
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Phenol  (U.  S.  P.),  phenic  acid,  carbolic  acid,  acidum  carboli- 

p— O—H 

HCe     ,CH 
cum  (Br.),     \\        I      =   |'      [| ,  is  met  with  in  the  products  of 

c 

H 
the  destructive  distillation  of  coal  and  wood,  and  is  found  in  small 
quantities  in  human  urine  and  in  castoreum.  In  the  arts  it  b  prepared 
from  that  portion  of  coal-tar  distilling  between  150*^  C.  (302*^  F.)  and 
190°  C.  (374®  F.).  This  is  agitated  with  a  concentrated  solution  of 
caustic  soda,  when  a  crystalline  carbolate  of  sodium  is  formed,  while 
the  neutral  oils  are  left  unacted  upon.  After  the  latter  have  been 
separated,  the  carbolate  is  decomposed  by  hydrochloric  acid,  and  the 
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impure  carbolic  acid  thus  obtained  again  treated  with  sodium  hydrox- 
ide. On  exposing  this  solution  to  the  air,  the  greater  portion  of  the 
impurities  becomes  oxidized,  and  separates  as  a  tarry  mass.  This  mass 
is  roasted,  the  carbolate  dbsolved  out,  and  the  clear  solution  of  sodium 
phenol  (or  carbolate)  is  again  decomposed  by  hydrochloric  acid,  and 
the  resulting  phenol  separated  and  submitted  to  distillation.  From 
the  portion  passing  over  below  190®  C.  (374*^  F.)  phenol  separates 
out  as  colorless  needles  on  cooling,  which  melt  at  42®  C.  (108®  F.) 
and  boil  at  184*^  C.  (364*^  F.).  The  purest  product  of  the  market  is 
£L  synthetic  carbolic  acid,  prepared  from  benzene. 

Pure  phenol  b  a  crystalline  solid,  having  a  characteristic  odor  and 
pungent,  caustic  taste,  producing  a  white  eschar  with  animal  tissues. 
The  crystals  are  liquefied  by  the  addition  of  about  8  per  cent,  of  water. 
This  liquid  is  made  turbid  by  the  addition  of  more  water.  It  is  solu- 
ble in  20  parts  of  water  at  the  ordinary  temperature,  but  b  miscible  in 
all  proportions  in  boiling  water.  The  addition  of  glycerin  increases 
its  solubility.  It  b  readily  soluble  in  alcohol,  ether,  benzene,  carbon 
disulphide,  glycerin,  and  fixed  and  volatile  oib.  Carbolic  acid  coag- 
ulates albumin,  and  its  aqueous  solution  gives  a  permanent  violet-blue 
color  with  ferric  chloride,  while  the  color  produced  by  creosote  b  first 
green  and  then  brown.  It  forms  with  bromine-water  a  white  precipi- 
tate of  tribromphenol.  When  quite  pure,  carbolic  acid  b  permanent 
in  the  air;  but  the  commercial  acid  frequently  changes  to  a  pink  or 
red  color.  Ammonia  and  chlorinated  soda  solution  produce  a  blue 
color  with  carbolic  acid.  Carbolic  acid  b  very  much  used  as  an  anti- 
septic in  medicine,  and  in  the  arts.  Some  of  the  carbolates  have  also 
been  used  for  the  same  purposes. 

Phenol  liquefactum  (U.  S.  P.)  b  a  liquid  containing  not  less 
than  86.4  per  cent,  of  phenol,  by  weight,  and  13.6  per  cent,  of  water. 
It  is  made  by  adding  one  part  of  water  to  nine  parts  of  the  crystalline 
phenol. 

Toxicology. — Carbolic  acid  b  very  poisonous  when  taken  into  the 
body,  and  cases  of  fatal  poisoning  by  it  are  not  uncommon.  Danger- 
ous symptoms  have  been  produced  by  six  or  seven  drops,  and 
fatal  poisoning  has  occurred  from  its  use  as  a  surgical  dressing.  The 
urine  is  dark-colored  and  smoky  in  such  cases,  and  its  appearance 
should  be  watched  while  using  the  acid,  either  internally  or  locally. 
The  best  antidote  to  administer  in  cases  of  poisoning  is  alcohol, 
50  j)er  cent.,  followed  by  evacuation  of  the  stomach.  This  may  be 
followed  by  alcoholic  stimulants  and  mucilaginous  drinks.  The  stomach 
tube  may  also  be  used  to  empty  the  stomach,  unless  the  fauces  show 
that  the  acid  was  taken  in  the  pure  or  nearly  pure  state.  It  may  then 
be  unwise  to  use  the  tube. 
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Phenates  or  Carbolates.— When  phenol  is  heated  with  KOH  or  NaOH,  the 
foJlowing  reaction  takes  place: 

C5H.OH  +  KOH  -  QH.OK  +  H,0. 
Pbenol.  Potaaaum 

Phenftte. 

Phenol  here  behaves  like  an  add,  and  thus  gives  rise  to  the  name  phenic  acid  or 
carbolic  add.  Certain  other  metals  and  the  alkaloids  may  be  employed  to  replace 
the  hydroxyl  H  of  phenol,  to  give  phenates.  Mercuric  phenate,  quinine  phenate, 
and  even  other  salts  of  this  class  have  been  employed  in  medicine. 

Chlorphenols  and  Bromphenols.— When  chlorine  is  passed  into  phenol, 
ortho-  and  para-chlorphenols  are  formed.  The  corresponding  Br  and  I  substitu- 
tion products  are  obtamed  by  the  action  of  these  elements  on  phenol. 

Monochlorphenol,  QH^CIOH,  has  been  employed  as  a  remedy  for  inhalations 
m  phthisis  and  other  lung  troubles.  It  is  a  volatile  liquid,  having  an  odor  somewhat 
resembling  phenol. 

Bromoly  or  tribromphenol,  CeHJBr,OH,  is  prepared  by  the  action  of  Br  upon 
an  aqueous  solution  of  phenol.  It  occurs  as  a  white,  crystalline  powder  of  an 
astringent,  sweetish  taste,  and  an  odor  resembling  that  of  bromine.  It  melts  at 
95**  C.  (203**  F.).  It  is  insoluble  in  water,  but  soluble  in  alcohol,  ether,  chloroform, 
glycerol,  and  the  fatty  and  ethereal  oils.  It  has  been  recommended  as  a  local 
remedy  in  diphtheria  and  as  an  intestinal  antiseptic. 

Xerofonn  is  a  compound  of  tribromphenol  with  bismuth.  It  is  a  yellow,  in- 
soluble powder  used  as  a  substitute  for  iodoform. 

Trinitrophenoly  picric  acid,  carbazotic  acid,  CoH2(N02),OH 
(2:4:  6). — ^The  phenols  are  acted  upon  by  strong  nitric  acid,  forming 
mononitro-,  dinitro-,  and  trinitro-phenols.  The  first  two  of  these  are 
of  little  importance  to  the  physician,  but  the  third  is  employed  in  the 
arts  as  a  yellow  dye  for  silk  and  wool,  and  is  frequently  employed  as 
a  test  for  albumin  in  urine,  and  as  a  precipitant  of  the  alkaloids.  Two 
trinitro-phenols  are  known,  in  one  of  which  the  NOj  groups  are  attached 
to  carbon  atoms  i,  2,  and  4,  and  in  the  other  attached  to  2,  4,  and  6. 
The  latter  compound  is  ordinary  picric  acid.  It  is  prepared  by  the 
action  of  strong  nitric  acid  upon  phenol,  salicin,  indigo,  silk,  wool, 
and  many  other  organic  substances  containing  the  benzene  nucleus. 
It  occurs  in  yellow,  crystalline  plates.  It  is  nearly  odorless,  and  has 
an  intensely  bitter  taste  and  an  acid  reaction.  It  is  sparingly  soluble 
in  water,  very  soluble  in  alcohol,  ether,  and  benzene.  When  quickly 
heated,  it  detonates.  It  forms  salts  with  the  metals,  which  are  ex- 
plosive. When  taken  internally  in  considerable  doses  it  acts  as  a 
poison. 

Tests. — I.  Its  taste  is  so  bitter  that  this,  together  with  its  bright  lemon-yellow 
color,  serves  as  a  delicate  test 

2.  Its  solutions  give  a  green,  crystalline  predpitate  with  an  ammoniacal  solution 
of  CuSO.. 

3.  Glucose  heated  with  an  alkaline  solution  of  the  acid  gives  a  reddish-brown 
colored  solution. 

4.  It  gives  an  intense  red  color  when  warmed  with  an  alkaline  solution  of  KCN. 
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PHENOLS  DERIVED  FROM  TOLUENE,  OR  THE  CRESOLS. 

The  Cresols. — ^There  are  three  possible  monatomic  phenols  de- 
rived from  toluene, — the  ortho-,  meta-,  and  para-cresols,— depending 
upon  the  relative  positions  of  the  OH  and  CH,  groups  in  the  mole- 
cule, as  shown  by  the  following  graphic  formulas: 
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They  are  found  in  coal-tar,  together  with  phenol,  and  are  obtained 
from  it  by  fractional  distillation.  The  impure  varieties  of  conmiercial 
coal-tar  creosote,  or  carbolic  acid,  contain,  in  addition,  cresylic  acid, 
or  cresol.  Cresol  may  be  prepared  by  dissolving  the  correqx>nding 
toluidins,  QH^ .  CH, .  NH,,  in  sulphuric  acid,  adding  potassium  nitrite, 
and  distilling  with  steam. 
C.H,^jNH,  +  KNO,  +  H^O^  =  CgH^CH,OH  -j-  H,0  -f  N,  -f  KHSO,. 

The  position  of  the  substituted  groups  is  indicated  by  figures  show- 
ing the  carbon  atoms  to  which  they  are  attached;  as  follows: 

Orthocresol  (1:2)  is  a  crystalline  solid,  fusing  at  31®  C.  (87.8® 
F.)  and  boiling  at  185^  C.  (365^  F.). 

Metacresol  (i  :  3)  is  a  liquid,  boiling  at  195**  C.  (383®  F.). 

Paracresol  (i  :  4)  is  a  solid,  fusing  at  36**  C.  (96.8**  F.)  and  boil- 
ing at  198®  C.  (388®  F.).  Paracresol  occurs  in  the  urine  as  potassium 
cresol-siUphate,  and  is  a  product  of  the  putrefaction  of  albumin  in 
the  intestinal  canal. 

Tricresol^  a  commercial  disinfectant,  is  a  mixture  of  the  three 
cresols  in  their  natural  proportions,  carefuUy  freed  from  aU  impurities. 
It  is  a  colorless,  oily  liquid  of  sp.  gr.  1.045,  ^^^  soluble  in  40  parts 
of  water,  giving  a  clear  neutral  solution.  Its  disinfectant  power  is 
three  times  that  of  carbolic  acid. 

Cresol  (U.  S.  P.)  is  practically  the  same  as  the  above.  Sp.  gr.,  1.032 
at  25®  C.  (77®  F.).  The  cresols  possess  wonderful  antiseptic  properties. 
A  serious  hindrance  to  their  employment  as  germicides  is  their  insolu- 
bility. Cresols  have  recently  been  introduced  as  disinfectants  under 
special  names,  as  creolin,  lysol,  solveol,  and  solutol.  These  sub- 
stances are  derivatives  from  cresob.  Creolin  is  a  dark-brown,  alkaline 
liquid.     It  is  free  from  caustic  or  irritating  properties,  and  may  be  ad- 
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ministered  intanally.  It  forms  with  water  a  more  or  less  turbid  or  milky 
mixture  or  emulsion.  It  mixes  with  chloroform,  ether,  and  dilute  al- 
cohol in  all  proportions.  For  external  application  it  is  used  in  the 
form  of  an  ointment,  or  as  a  i  to  2  per  cent,  aqueous  solution. 

Lysol  is  a  preparation  resembling  creolin  in  its  properties,  and  is 
made  by  dissolving  the  fraction  of  coal-tar  oil  which  boils  between 
190**  and  200®  C.  in  fat,  and  afterward  saponifying  with  alkalies,  with 
the  addition  of  alcohol  It  is  a  brown,  oily-looking,  clear  liquid, 
with  an  aromatic,  creosote-like  odor.  It  is  said  to  contain  50  per 
cent,  of  cresob.  It  is  miscible  with  water,  forming  a  clear,  sapona- 
ceous, frothing  liquid;  also  with  alcohol,  benzene,  chloroform,  and 
glycerin.  It  is  a  good  disinfectant,  five  times  more  active  than  phenol, 
and  much  less  poisonous.    It  is  non-caustic. 

Solved  is  a  solution  of  sodium  cresol  in  excess  of  cresol.  Solutol 
is  a  solution  similar  to  solveol.  It  is  said  to  contain  60  per  cent,  of 
cresylic  acid — one-fourth  in  the  free  state  and  three-fourths  combined 
with  sodium.  Cresol  iodide  has  also  been  introduced  into  medicine  in 
the  form  of  a  light-yeUow  powder  of  not  very  pleasant  odor.  It  is  insolu- 
ble in  water,  but  soluble  in  the  oils,  alcohol,  ether,  and  chloroform. 

MONATOMIC  PHENOLS   DERIVED  FROM  HIGHER  H0M0L06UES 

OF  BENZENE. 

fCH, 
Dimethyl-phenols,  Xenols,  Xylenols.— QH,  <  CH,.    There  are 

(OH 
six  possible  dimethyl-phenols,  four  of  which  have  been  obtained.    We 

may  also  have  three  possible  ethyl-phenob,  C^4  \  nw  ** 

fCH, 
Thymol,  Propyl-metacresol,    Cymene   Phenol.— C^H,  <  CJEI^. 

(OH 
Thymol  is  a  stearoptene  of  oil  of  thyme.  It  is  also  contained  in  the 
volatile  oil  of  horse-mint.  It  is  extracted  by  agitating  the  oil  with 
a  solution  of  NaOH.  The  aqueous  layer  is  separated  and  treated 
with  a  dilute  acid,  when  the  thymol  separates  as  an  oily  layer.  The 
better  plan  is  to  collect  the  crude  oil  and  subject  it  to  low  tempera- 
ture, when  the  thymol  crystallizes  out.  It  may  be  purified  by  recrys- 
tallization  from  alcohol.  It  is  a  powerful  antiseptic,  being  ten  times 
more  effective  than  carbolic  acid.  It  acts  as  an  expectorant  on  the 
mucous  membranes,  but  it  does  not  irritate  the  skin  like  carbolic  acid. 
Thymol  occurs  in  large,  colorless  crystals,  having  an  aromatic  odor 
and  a  burning  taste.  It  melts  at  50^  C.  and  boils  at  about  230^  C. 
It  is  scarcely  soluble  in  water,  requiring  about  1200  parts  of  cold  or 
2S 
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900  parts  of  boiling  water  for  solution.  Alcohol  dissolves  its  own 
weight  of  thymol,  and  the  greater  part  separates  again  on  dilution 
with  water.  A  solution  of  four  grains  of  thymol  to  a  fluidounce  of 
alcohol  is  mbdble  with  water  in  all  proportions.  It  is  sparingly  sol- 
uble in  glycerol,  requiring  120  parts  for  solution.  It  b  readily  sol- 
uble in  ether,  chloroform,  petroleum  spirit,  and  oib.  When  triturated 
with  camphor,  a  syrupy  liquid  b  obtained,  which  b  readily  miscible 
with  vaseline  or  similar  preparations.  Thymol  b  soluble  in  strong 
acetic  acid. 

CCH, 
Carvacroly  or  propyl-orthocresoly   C ^  i  CsHy,  exists  in  the 

(oh 

essential  oil  of  origanum.  It  b  an  isomer  of  thymol.  It  b  a  thick, 
oily  liquid,  which  does  not  solidify  even  at  — 25®  C.  ( — 13**  F.).  It 
boib  at  233**  C.  (451.4®  F.).  It  is  very  soluble  in  chloroform,  ether, 
and  olive  oil,  but  insoluble  in  water.  Its  iodide  b  a  yellow-brown 
powder,  sometimes  employed  in  medicine.  It  is  obtained  by  the' 
action  of  iodine  upon  camphor.  It  is  employed  externally  as  a  sub- 
stitute for  iodoform. 


fOCH, 


Eugenol,  or  eugenic  acid,  Cfi^  -l  C^,  b  a  body  closely  re- 

(oh 

sembling  carvacrol,  obtained  from  the  oil  of  cloves,  cinnamon,  bay, 
pimento,  or  sassafras,  by  oxidation.  Eugenol  occurs  as  an  aromatic 
liquid,  boiling  at  235®  C.  (455®  F.),  slightly  soluble  in  water,  freely 
so  in  alcohol.  It  b  employed  as  an  antiseptic,  and  is  considered 
superior  to  phenol.  It  has  also  been  used  internally  as  a  febrifuge. 
Several  compounds  of  eugenol  have  also  been  employed,  benzoyl- 
eugenoly  cinnamyl-eugenol,  iodo-eugenol,  and  eugenol-acet- 
amid  being  the  principal  ones. 

Di-iodo-thymoly     aristol,    thymolis     iodidum    (U.    S.    P.), 

Ca^  I  QHJO— lOQHj  I  ^^'  formed  by  the  action  of  a  solution 

of  I  in  RI  upon  an  alkaline  solution  of  thymol,  is  used  as  a  substitute 
for  iodoform.  It  occurs  as  a  reddbh-brown,  odorless  powder,  which  is 
decomposed  under  the  action  of  heat  and  light,  with  evolution  of  iodine. 
It  is  insoluble  in  water  and  glycerin,  slightly  soluble  in  alcohol,  and 
readily  so  in  ether  and  collodion.  It  mixes  readily  with  the  oib  or 
with  vaseline  when  rubbed  with  them.  When  heated  in  a  glass  tube, 
iodine  vapors  are  given  oflf. 

Naphthophenote,  or  Naphthols. — C10H7OH.  There  are  two  com- 
pounds of  this  formula,  one  known  as  alpha-  and  the  other  as  beta- 
naphthol.    The  graphic  formulae  are: 


and 


DIATOiaC  PHENOLS.  419 

H        OH 

C        C  OH 

HC        C       CH 

HC       C        CH 

w 

H        H 

a-NaphthoL 

The  one  generally  used  in  surgery  is  beta-naphthol.  Alpha- 
naphthol  crystallizes  in  colorless,  shining  prisms,  fusing  at  94^  C. 
(201.2^  F.)  and  boiling  at  280^  C.  (536^  F.).  It  is  insoluble  in  water, 
but  soluble  in  alcohol,  ether,  and  benzene.  Beta-naphthol  is  prepared 
on  a  large  scale  by  fusing  naphthalene-sulphonate  of  sodium,  CjoH,- 
SO,Na,  with  sodium  hydroxide.  Beta-naphthol  is  a  solid,  crystal- 
lizing in  brilliant  white  plates,  melting  at  122^  C.  (251.6^  F.)  and 
distiUing  at  286**  C.  (546.8®  F.),  and  possesses  a  sp.  gr.  of  1.217.  It 
is  very  slightly  soluble  in  warm  water,  very  soluble  in  ether,  alcohol, 
chloroform,  benzene,  olive  oil,  and  vaseline.  Beta-naphthol  has  been 
iised  as  a  local  antiseptic.  Alpha-naphthol  forms  a  dinitro-  deriv- 
ative, QoH5(NO,)jOH,  which  is  used  in  dyeing.  The  sodium  and 
calcium  salts  of  this  compound  are  used,  and  are  known  as  Martin's 
yellow  or  naphthalene  yellow.  These  have  recently  been  largely  re- 
placed by  the  potassium  sulphonate  known  as  naphthol  yellow,  C10H4- 

(NO0,{SO^- 

Hydronaphthol,  occasionaUy  employed  as  a  surgical  dressing,  is 
a  dihydronaphthalene: 

OH 


CO" 
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These  compounds  are  derived  from  benzene  and  its  homologues  by 
replacing  two  atoms  of  hydrogen  by  hydroxyl.  They  may  be  pre- 
pared by  fusing  phenolsulphonic  acid  with  ROH. 

CeH,OH^O,  -I-  KOH  -  HKSO,  -I-  C.H^(OHV 

There  are  three  such  compounds  possible,  aU  of  which  are  well 
known.  Their  graphic  formulae,  as  weU  as  the  cause  of  the  isomerism, 
are  shown  by  the  following: 
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H  H  H 

d 


6  6 

6  6  d 

y\  y»i\  y»»\ 

HC,     ,C— O— H  HCf,    ,CH  HC,     ,CH 

i     J!  i     II  i     II 

HC,    ,CH  HC,    ,C— O— H  HC,    ,CH 

V  V  \^K 

H  H 

OrthoKlihydrozy-beiixeiie.  Meta-dihydrozy-beiuene.        Pura-dihydtozy-beiuBefie. 

Or, 

CH,(OH).  (I  :  2)  C.H/OH),  (i  :  3)  C,I^(OH),  (i :  4) 

Pyrocatechinol.  Reaoranol.  Hydroquinone. 

It  will  be  observed  that  in  the  first  formula  the  hydroxyb  occupy  ]:>ositioiis  on  two 
adjoinins  carbon  atoms,  or  on  i  and  2.  In  the  second  the  positions  are  i  an(l  3,  and 
in  the  third  they  are  i  and  4.  These  three  include  all  the  possible  relative  positions 
of  two  hydroxyl  groups  in  this  molecule.  The  properties  change  with  the  relative 
positions  of  the  two  hydroxyl  groups. 

Ortho-dihydroxy-benzene,  or  pjrrocatechinoly  CaH^j^^  (^^ 

is  an  isomeride  of  hydroquinon  and  resorcin  that  has  found  use  as  a 
remedial  agent.  It  forms  flat  crystab  or  plates,  readily  soluble  in  water, 
alcohol,  and  ether.  It  k  prepared  by  distilling  extract  of  catechu, 
kino,  and  other  extracts  containing  tannin.  It  is  found  in  crude 
pyroligneous  acid  distilled  from  wood.    It  has  weak  acid  properties. 

Solutions  of  pyrocatechin  reduce  silver  salts  in  the  cold,  and  Feh- 
ling's  solution  on  warming.  If  made  alkaline,  they  absorb  oxygen 
from  the  air  and  turn  green. 

Meta-dihydroxy-benzene,     resorcin,     resorcinol    (U.  S.  P.), 

QH4 1  J^JJ  yh  an  isomeride  of  hydroquinon,  has  come  into  prominence 

in  the  treatment  of  certain  maladies.  It  forms  colorless  crystals,  melting 
at  about  100^  C.  (212^  F.),  and  boiling  at  276^  C.  (528.8^  P.).  It  is 
very  soluble  in  water,  alcohol,  and  ether,  and  possesses  a  sweetish, 
harsh  taste.  It  is  prepared  by  fusing  certain  gum-resins  (galbanum, 
extract  of  sapin-wood  with  caustic  potash,  or,  by  distilling  Brazil- 
wood. It  is  a  strong  antifermentative.  It  is  now  prepared  syntheti- 
cally from  benzene,  but  the  process  is  complicated. 

The  physiological  action  of  resorcin  is  similar  to  that  of  phenol, 
but  it  is  not  poisonous.  It  is  given  internally  as  an  antiseptic  and 
antipyretic,  in  doses  of  2  grains,  and  in  some  cases  as  high  as  15  grains 
(i  gm.). 

A  soludon  of  5  parts  of  resorcinol  and  3  parts  of  white  sugar  in  100  parts  of  alcohol 
forms  a  very  delicate  test  for  free  HCl,  when  warmed  in  a  dish  with  the  suspected 
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fluid.  This  solution  is  used  to  detect  free  HCI  in  the  gastric  juice,  under  the  name 
of  Boat's  reagent.    It  gives  with  HCI  a  purple-red  color. 

Fluoreflcein,  or  reaorcinol-phthalein,  C^J^^ .  H,0,  is  also  used  in  medicine, 
and  occurs  as  dark^brown  crystals.  By  heating  resorcinol  with  phthalic  anhydride, 
dissolving  in  H,SO^  and  adding  ammonia,  a  beautiful  red  solution  with  a  green 
fluorescence  is  obtamed.    This  reaction  is  used  as  a  test  for  resorcinol. 

Para-dihydroxy-benzeney  or  hydroquinon,  QH^  |  ^5^'\,  is  most 

easily  prepared  by  passing  SO,  through  a  warm  saturated  solution 
of  quinon,  C^40j,  when  hydroquinon  separates  in  six-sided  prisms, 
fusing  at  169^  C,  and  subliming  on  further  heating.  It  is  moderately 
soluble  in  water  and  easily  soluble  in  alcohol  and  ether.  It  has  been 
reconmiended  as  an  antipyretic,  antifermentative,  and  antidiarrheal 
remedy. 

It  b  claimed  that  it  is  harmless,  even  in  large  doses.  It  is  given  in 
5-  to  8-grain  doses.  Owing  to  its  reducing  properties,  it  is  used  in 
photography  as  a  developer. 

DERIVATIVES  OF  DIHTDROXT-PHEHOLS. 
Orciiiy  orcinoly  dihydrozytolueney  CACH,(OH)„  is  prepared 
from  certain  lichens  which  furnish  litmus,  cudbeari  and  archil. 
The  lichens  are  boiled  with  lime  and  water,  the  lime  precipitated  with 
CO,,  and  the  orcin  extracted  with  ether.  Orcin  crystaUizes  in  prisms, 
has  a  sweet  taste,  and  is  soluble  in  water,  alcohol,  and  ether.  Orcin 
forms  with  ammonia  a  purple  solution,  from  which  acetic  acid  precipi- 
tates a  red  coloring  matter,  orcein,  the  chief  coloring  matter  of  lit- 
mus. This  and  the  other  dyes  are  made  from  lichens,  by  mixing  them 
with  lime  and  urine,  and  exposing  them  to  the  air. 

C^HyO,  4-  NH,  -*p  O,  -  aHjO  +  C^NO, 
Orcin.  Or^in. 

Guaiacol  (U.  S.  P.),  or  methyl-pyrocatechin,  QH,  /  qcIL^i)  ' 

a  constituent  of  creosote,  of  which  it  constitutes  about  60  to  90  per  cent. 

It  is  prepared  by  the  fractional  distillation  of  beech-wood  creosote, 
collecting  that  coming  over  between  200°  and  205°  C. 

It  is  a  white  crystalline  solid,  melting  at  28.5®  C.  and  boiling  at  a 
little  above  203°  C.  (397.4''  F.).  Its  sp.  gr.  is  1.133  at  15°  C.  (59®  F.). 
It  is  not  very  soluble  in  water,  requiring  85  parts  of  water  to  dissolve  i 
part  of  it. 

It  is  used  as  a  remedy  in  tuberculosis  in  place  of  creosote.  It  is 
best  given  in  capsules. 

Guaiacol  iodide,  guaiacol  carbonate,  guaiacol  carbonic  acid, 
cinnamyl  guaiacol,  and  guaiacol  salicylate  have  been  prepared, 
and  proposed  for  the  same  uses  as  guaiacol. 
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Guaiacolis  carbonas  (U.  S.  P.),  (C7H70),C05,  is  prepared  by 
the  action  of  carbonyl  chloride  on  a  solution  of  guaiacol  sodium. 

2CeH,(OCH0ONa  +  COCl,-  C^*(OCH^O>^^- 
Guaiacol  Sodium.  Guaiacol  Carlxmate. 

The  separating  crystals  are  collected  and  recrystallized  from  alcohol. 
It  is  a  white,  crystalline  powder,  nearly  free  from  odor  and  taste,  insol- 
uble in  water,  and  sparingly  soluble  in  alcohol,  glycerin,  and  oib.  It 
is  decomposed  by  alkalies,  into  carbonic  acid  and  guaiacol.  It  is 
used  for  the  same  diseases  as  guaiacol  and  creosote. 

Benzoyl  guaiacol,  benzosol,  QH^  |  q^q  h  »  ^  ^  crystalline 

compound  of  guaiacol  in  which  the  H  of  the  OH  group  has  been 
replaced  by  benzoyl.  It  is  prepared  by  first  forming  the  potassium 
salt  of  guaiacol,  and  warming  this  with  benzoyl  chloride,  or,  by  the 
reaction  between  guaiacol  and  benzoic  anhydride.  Benzosol  is  a 
colorless,  tasteless,  nearly  odorless  crystalline  powder.  It  is  insoluble 
in  water,  soluble  in  hot  alcohol,  in  ether  and  chloroform.  It  con- 
tains 54  per  cent,  of  guaiacol.  It  should  not  melt  below  44^  C. 
(111.2^  F.). 

Benzosol  is  used  for  the  same  purposes  as  guaiacol,  and  it  is  de- 
composed by  the  alkalies  in  the  same  manner  as  salol.  It  is  given 
internally  in  doses  of  4  to  12  grains. 

Guaiacol  and  its  derivatives  are  not  easily  oxidized  in  the  body, 
and  are  usually  partially  excreted  in  the  urine,  and  may  be  detected 
in  that  fluid  one-half  hour  after  taking  a  single  dose.  It  may  be  de- 
tected by  distilling  the  urine  with  dilute  HjS04,  and  adding  a  drop 
or  two  of  ferric  chloride  solution  to  the  distillate,  when,  if  guaiacol 
be  present,  it  will  give  a  reddish-brown  color. 
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There  are  three  isomeric  trihydroxy-benzenes:  phloroglucin,  pyro- 
gallol,  and  oxyhydroquinon. 

Phloroglucinol,  phloroglucol,  QHjCOH),  (1:3:  s),  is  obtained 
by  the  fusion  of  KOH  or  NaOH  with  various  resins  or  resorcin,  or 
by  the  action  of  alkalies  upon  phloretin.  It  occurs  as  large  prbms, 
which  dissolve  in  water,  alcohol,  and  ether,  and  possesses  a  very  sweet 
taste.  Its  solutions  give  a  dark  violet  color  with  FejCl^.  A  sohtion 
of  2  parts  of  phloroglucinol  and  i  part  of  vanillin  in  30  of  absolute 
alcohol  is  used  as  a  very  delicate  test  for  free  HCl  in  gastric  juice.  It  will 
detect  I  part  of  HCl  in  20,000  parts  of  water  (Otinzburg). 
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Pjrrogallol  (U.  S.  P.),  or  Pyrogallic  Acid.— CA 

This  is  a  trihydroxybenzene,  and  is  prepared  by  heating  gaUic 
acid,  CeHa(OH),CO^,  to  300^  C.  (572^  F.).  It  crystallizes  in  white, 
shining  needles,  and  gives  a  dark-blue  color  with  ferrous,  and  red 
with  ferric  salts.  An  alkaline  solution,  when  exposed  to  the  air,  rapidly 
absorbs  oxygen  and  assumes  a  dark  color.  Silver  and  gold  salts  are 
reduced,  in  the  light,  to  the  metallic  state  by  it;  hence  it  is  used  as  a  de- 
veloper in  photography.  It  has  been  used  in  the  treatment  of  skin 
diseases. 

Hydroxyhydroquinon,  CeH,(0H)3  (i :  2: 4),  k  unimportant. 

There  are  no  tetratomic  phenols  used  in  medicine.  Pentatomic  and 
hexatomic  phenols  have  been  prepared. 

Beech-wood  creosote,  creosotum  (U.  S.  P.,  Br.),  is  a  mixture 
of  phenols  consisting  chiefly  of  guaiacol  and  cresols  obtained  diuing  the 
distillation  of  wood-tar,  preferably  that  from  the  beech-wood.  It  con- 
tains, in  addition  to  the  above,  a  small  quantity  of  phlorol.  It  is  an 
almost  colorless,  yellowish  or  pinkish,  highly  refractive,  oily  liquid,  hav- 
ing a  penetrating,  smoky  odor,  and  a  burning,  caustic  taste.  Its  sp.  gr. 
is  about  1.072  or  higher.  It  is  soluble  in  about  150  parts  of  water,  but 
it  does  not  form  a  p^ectly  clear  solution.  It  is  soluble  in  all  proportions 
in  alcohol,  ether,  chloroform,  benzene,  carbon  disulphide,  glacial  acetic 
acid,  fixed  and  volatile  oils.  It  begins  to  boil  at  about  205®  C.  (401® 
F.),  and  most  of  it  distils  between  205®  and  215®  C.  (401®  and  419® 
F.).  When  cooled  to  —20®  C.  (—4^  F.)  it  does  not  solidify  like  car- 
bolic acid,  but  becomes  gelatinous.  It  is  inflammable.  Its  solution 
gives  a  reddish-brown  precipitate  with  bromine  water,  which  distin- 
guishes it  from  phenol. 

Creosote  is  employed  in  medicine,  both  internally  and  externally 
and  by  inhalations.    It  is  also  employed  as  an  antiseptic. 

To  distinguish  creosote  from  phenol,  which  is  often  substituted  for 
creosote,  the  following  tests  may  be  applied.  Phenol  gives  with  FejCl^ 
a  purple-colored  solution,  while  creosote  gives  a  violet,  which  rapidly 
changes  to  green  and  finally  to  brown,  with  the  formation  of  a  brown 
precipitate.  Phenol  is  soluble  in  glycerin,  while  creosote  is  not.  Phenol 
precipitates  collodion  from  its  solution,  while  creosote  does  not. 

Creosote  carbonate  is  a  mixture  of  guaiacol  carbonate  with  a  trace 
of  cresol.  It  is  prepared  by  saturating  partially  purified  guaiacol  with 
sodium  hydroxide,  and  treating  this  compound  with  carbonyl  chloride, 
COCIj.  It  is  an  amber-colored  fluid,  honey-like  in  consistency,  with 
a  faint  odor  and  taste  of  creosote.  It  is  used  in  medicine  under  the 
name  of  creosotal  as  a  substitute  for  creosote,  it  being  free  from  its 
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disagreeable  taste.  The  oleate,  valerate,  palmitate,  phosphate,  etc., 
have  also  been  prepared  for  internal  use. 

Aromatic  Alcohols. 

The  aromatic  alcohols  differ  from  the  phenols  in  constitution. 

They  all  contain  the  group  of  atoms  CH2OH,  and  by  the  oxidation 

of  this  group  it  becomes  COH,  then  COOH,  with  the  formation  of  an 

aldehyde  and  an  acid,  thus: 

aCftCHjOH  +  O,  -  2C,H,COH  +  O,  -  2C,H,COOH  +  211,0. 
BtDz^  Alcohol.  Benxoic  Aldefajrde.  Benaoic  Add. 

Benzylic  alcohol  is  formed  by  distilling  benzoic  aldehyde  with 
KOH. 

2CaH,CHO  +  KOH  -  C.H,CH,OH  +  QHXOOK. 
Beniaklehyde.  Benzyl-alcohol.        Pot.  Benxoate. 

Its  benzoic  and  cinnamic  esters  are  found  in  balsams  of  Peru  and 
tolu.  It  is  a  colorless  liquid,  sparingly  soluble  in  water,  and  boils  at 
206^  C.  (403^  F.). 

Salicylic  alcohol,  saligenin,  ^t^ilcunw  ^  ^"®  ^^  ^®  ^^' 
stituents  of  the  natural  glucoside,  salicin.  It  may  be  separated  from 
salicin  by  decomposition  with  dilute  mineral  acids,  but  it  is  more  easily 
prepared  by  the  action  of  formaldehyde  upon  phenol. 

QHeOH  +  HCHO  =  QH*  {  ^HfiU. 
Phend.    Formaldehyde.        SaUgenin. 

It  has  been  reconmiended  as  a  substitute  for  salicylic  acid. 

Saligenin  crystallizes  in  a)lorless  leaflets,  having  a  slightly  bitter 
taste.  It  is  fairly  soluble  in  cold  and  easily  soluble  in  hot  water  and 
in  alcohol. 

Cinnamyl-alcohol,  styrone,  QHg.CHCHCHjOH,  occurs  as  a 
cinnamic  ester,  known  as  styracin,  in  storax  (Styrax  officinalis,  U. 
S.  P.). 

It  forms  shining,  needle-like  aystals,  having  a  hyacinth-like  odor, 
and  is  sparingly  soluble  in  water.  On  oxidation  it  gives  at  first  cin- 
namic acid,  C^HftCHCHCOOH,  and  then  benzoic  acid,  QH,COOH. 

Aromatic  Aldehydes. 
Benzaldehyde,  benzaldehydum  (U.  S.  P.),  oleum  amjrgdaltt 
amarae  (Br.),  CqH,CHO,  is  a  constituent  of  bitter  almond  oU,  and 
is  a  product  of  the  decomposition  of  amygdalin,  by  the  action  of 
emulsin,  along  with  hydrocyanic  acid,  glucose,  and  benzoic  acid.  It 
is  now  prepared  from  toluene,  by  treatment  with    chlorine,  forming 
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benzoyl  dichloride,  C0H5CHCI3,  and  heating  this  with  lime,  under 
pressure. 

q^HjCHCl,  +  Ca(OH),  -  CaCl,  +  CaH,CHO  +  H,0. 

It  is  prepared  from  the  oil,  by  forming  a  oystalline  solid  with  sodium 
bisulphite,  separating  the  crystals,  and,  after  dissolving  them  in  water, 
decomposing  with  a  strong  solution  of  Na^COs.  It  is  a  colorless,  oily 
liquid  with  the  odor  and  taste  of  bitter  almonds.  Specific  gravity, 
1.043;  boiling  point,  179®  C.  (354.2®  F.).  Oxidizing  agents  give 
benzoic  acid,  and  nascent  hydrogen  gives  benzylic  alcohol.  When 
pure  it  is  not  poisonous,  but  the  commercial  article  is  seldom  free 
from  hydroc3ranic  acid. 

Salicylic   aldehyde,  salicylal,   CaH^j^^^,  or   oil   of   spirae 

(meadow-sweet),  is  obtained  by  oxidizing  salicin  with  K^Cr^O^  and 
H2SO4  and  distilling  ofif  the  aldehyde.  It  may  be  prepared  syntheti- 
cally by  the  action  of  chloroform  and  KOH  on  phenol.  Salicylic 
aldehyde  is  a  colorless,  fragrant  liquid,  sp.  gr.  1.17,  and  boiling  at 
196°  C.  (384.8®  F.).  It  is  sparingly  soluble  in  water,  but  freely  in 
alcohol.    It  gives  an  intense  violet  oo\ot  with  FejCl^. 

Cinnamic  aldehyde^  cinnaldehydum  (U.S. P.),  CeHs-CHiCH.- 
CHO,  is  the  chief  constituent  of  the  oils  of  cinnamon  and  cassia.  It 
may  be  isolated  by  means  of  its  compound  with  sodium  bisulphite. 
It  has  been  prepared  synthetically.  It  is  a  colorless,  aromatic  oil, 
boiling  at  247®  C.  (476.6®  F.)  and  oxidizing  to  cinnamic  acid 
(CACH=CHCOOH)  on  exposure  to  the  an-. 

Cmninic  aldehyde,  C^uCOH,  occurs  in  the  aromatic  oib  of 
cummin,  .caraway,  and  water-hemlock.    , 

Anisic  aldehyde,  QH^OCHsCOH,  is  obtamed  as  a  fragrant  oil, 
by  oxidizing  the  oil  of  fennel  and  the  oil  of  anise  with  HNO,. 

VaniUic  aldehyde,  or  vanillin,  vanillinnm  (U.  S.  P.),  QH, .  OH  .- 
OCH, .  CHO,  is  extracted  from  the  pods  of  the  vanilla  bean — Vanilla 
planifolia.  It  is  now  made  syntheticaUy  from  coniferin,  a  glucoside 
found  in  the  bark  of  trees  of  the  conifera  family.  It  is  a  fine,  white, 
crystalline  powder  having  the  taste  and  odor  of  vanilla. 


Aromatic  Ketones. 

The  ketones,  corresponding  to  the  secondary  aromatic  alcohols,  may 
be  formed  by  the  same  process  and  have  the  same  class  properties  as 
those  of  the  methane  series. 

Phenyl-methyl-ketone,  acetophenon,  hypnone,  QH5CO .  CH„  is 
prepared  by  distilling  a  mixture  of  molecular  proportions  of  calcium 
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acetate  and  calcium  benzoate:  CaCCeHjCOO),  4-  Ca(C,H,0^,  - 
2CaCO,  H-  2QH,COCH,.  It  is  a  colorless,  oily  liquid,  with  a  pe- 
culiar odor  and  pungent  taste.  It  crystallizes  at  14°  C.  (57.2°  F.), 
and  melts  again  at  20.5®  C.  (69®  F.).  It  is  slightly  soluble  in  water, 
but  readily  miscible  with  ala)hol.  It  has  been  used  as  a  hypnotic 
Dose,  I  to  3  minims. 

Gailacetophenoiiy  Q^O .  C«H3(OH)3,  is  a  derivative  of  pyro- 
gallol,  containing  the  radical  of  acetic  acid.  It  is  prepared  by  the 
action  of  pyrogallol  upon  glacial  acetic  acid  in  the  presence  of  zinc 
chloride.  It  b  a  pale-yellow,  crystalline  powder,  readily  soluble  in 
hot  water  and  in  alcohol  and  ether.  It  is  soluble  in  glycerin,  but 
sparingly  soluble  in  cold  water. 

It  has  been  used  as  an  external  remedy  in  psoriasis. 

Phenyl-ethyl-ketoney  C^HsCOCsHs,  phenyl-propyl-ketoncy  CeH^- 
CO-CjH^,  and  diphenyl-ketone,  benzopfaeium,  C^-CO-QH^,  are 
also  known. 

QUINONES. 

Quinones  are  a  class  of  bodies  derived  from  aromatic  hydrocarbons 
by  substitution  of  O,"  for  Hj''.  They  are  therefore  oxidation  products 
of  the  hydrocarbons. 

Benzoquinoney  or  quinones  QH^^O,,  may  be  most  easily  ob- 
tained by  the  oxidation  of  anilin  with  a  mixture  of  sulphuric  acid  and 
potassium  dichromate.  The  reaction  takes  place  in  two  stages,  as 
follows: 

1.  2C,ILNH,  +  O,  -  aCeH^NHjOH. 

Aniun.  Para-amido-phenol. 

2.  2CeH5NH, .  OH  -I-  O,  -  2CeH,0,  -H  2NH,. 

It  may  also  be  prepared*  by  oxidizing  benzene  and  many  benzene 
derivatives  with  potassium  dichromate  and  sulphuric  acid.  Reducing 
agents,  such  as  SO,,  convert  quinone  into  hydrochinone,  ahready  des- 
cribed. From  the  ease  with  which  quinone  may  be  formed  by  the 
oxidation  of  several  parabenzene  derivatives,  and  other  reactions,  it 
is  believed  to  be  a  true  di-ketone  with  the  two  oxygen  atoms  in  the 
parapositions. 

CO 

HC      CH 

II       II 
HC      CH 
\/ 
CO 

Naphthoquinones. — There  are  two  naphthoquinones — alpha-naph- 
thoquinonei  QoH^^^Os  (i  :  4),  and  beta-naphthoquinone,  CioH^^O, 
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(i  :  2).  The  first  is  therefore  a  paraquinone  and  the  second  an  ortho- 
quinone. 

CO 
Anthraquinoiie,CeH4<^^>CaH4,  is  prepared  by  dissolving  anthra- 
cene in  glacial  acetic  acid,  and  oxidizing  by  adding  (;)iromic  anhydride 
to  the  hot  solution.  The  quinone  separates  on  the  addition  of  water, 
and  is  purified  by  sublimation.  Anthraquinone  is  chiefly  used  in  the 
manufacture  of  alizarin. 

CO 
Alizarin,  dihydroxy-anthraquinone,  C,H4<^Q>CeHj(OH)„  or 

artificial  madder,  is  formed  from  anthraquinone  by  the  action,  first,  of 
fuming  sulphuric  acid,  by  which  anthraquinone  sulphonic  acid  is  pro- 
duced.   This  is  heated  with  potassium  dilorate,  and  then  with  NaOH. 

QH^<^Q>CeH,  +  HjSO,  -  C.H,(CO),QHyiSO,  +  H,0. 

CeH^(CO)5QH,HSOr-|-  NaOH  -  CeH,(CO),CeKLOH  -I-  NaHSO^ 
C.H,(CO),C,H,OH  +  O  -  CeH,(CO),CeH^OH),. 

The  alizarin  formed  combines  with  the  excess  of  NaOH  present  to 
form  sodium  alizarate.  This  is  dissolved  in  water  and  the  alizarin 
precipitated  with  hydrochloric  acid.  Alizarin  is  a  fine,  red,  crystalline 
powder,  readily  soluble  in  alcohol.  It  is  a  valuable  dye-stufif,  and  has 
nearly  displaced  madder  in  the  dyeing  industry. 

Sodium  alizarin-monosulphonatey  QH,NaSO,(CO),CeH3(OH)2, 
a  yellow  dye-stufif,  is  employed  as  an  indicator  in  the  examination  of 
gastric  contents. 

Anthrarobin  is  produced  by  the  reduction  of  alizarin  with  nas- 
cent hydrogen. 

C(OH). 
QH,(CO),C.H,(OH),  +  2H,  -  CeH,Q^       ^CeH^OH),  +  H,0. 

Alizarin.  Anthrarobin. 

Anthrarobin  has  been  used  in  medicine  as  a  local  application  in  skin 
diseases.  It  is  a  yellowish-white  powder,  insoluble  in  water,  but  very 
soluble  in  alkaline  solutions.  These  solutions  rapidly  turn  green,  then 
blue,  owing  to  absorption  of  oxygen,  and  change  back  into  alizarin. 

AROMATIC  ACIDS. 

Benzoic    Acid,    Acidtim    Benzoicum    (U.    S.    P.,    Br.).  — 
O 

j       y-C— O— H.     'j^jg   ^^(^  occurs   in   gum-benzoin  and  in  the 

leaves  of  the  aspen;  it  is  also  found  in  the  urine  of  herbivorous  animals. 
Benzoic  acid  was  formerly  prepared  from  gum-benzoin  by  sublimation. 
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The  powdered  resin  was  gently  heated  in  an  iron  pan  covered  with  a 
perforated  paper  cover;  over  this  was  placed  a  paper  or  felt  cdne;  the 
benzoic  acid  was  sublimed  and  collected  on  the  inner  surface  of  the 
cone.  It  was  also  prepared  by  boiling  the  resin  with  milk  of  lime,  fil- 
tering, concentrating  the  filtrate  by  evaporation,  and  precipitating  the 
acid  with  hydrochloric  acid.  It  is  now  prepared  from  toluene  by 
treatment  with  HNO,. 

CJHjCH,  +  2HNO,  -  CtPtPOfi  +  2H,0  +  2NO. 
Tohieiie.  Bomic  Aa<L 

It  is  ahb  obtained  as  a  side-product  in  the  preparation  of  benzalde- 
hyde  from  toluene. 

Properties. — ^Benzoic  acid  occurs  in  large,  thin,  glistening  plates, 
or  needles;  it  melts  at  120^  C.  (248^  F.)  and  boils  at  250^  C.  (482^  F.), 
but  sublimes  at  a  lower  temperature.    It  is  soluble  in  hot  water  and 
alcohol,  but  sparingly  soluble  in  cold  water.^  It  has  a  peculiar,  aro-' 
matic,  irritating  odor. 

The  benzoates  are  generally  soluble  in  water. 

The  benzoates  of  ammonium,  lithiiun,  and  sodium  are  official  The 
one  most  used  is  ammoniimi  benzoate.  This  salt  occurs  in  colorless, 
transparent,  prismatic  crystals,  or  in  white,  granidar  crystals,  be- 
coming yellow  on  long  exposure  to  the  air.  It  has  a  slight  odor  of 
the  acid  and  a  saline,  afterward  bitter,  taste;  soluble  in  5  parts  of  water. 

The  sodium  salt  is  soluble  in  1.8  parts  of  water,  hais  a  sweet,  as- 
tringent taste,  is  free  from  bitterness,  and  has  a  neutral  reaction.  The 
acid  and  its  salts  have  an  antifermentative  and  antiseptic  action.  The 
benzoates  may  be  taken  internally  without  harm.  They  are  eliminated 
by  the  urine  partly  unchanged  and  partly  as  hippuric  add. 

Solutions  of  benzoates  give  a  flesh-colored  or  reddish  precipitate 
with  ferric  chloride. 

Salicylic  or  Hydroxy-benzoic  Acid,  Acidum  Salicylicum  (U. 
S.  P.,  Br.).— 

OH 


0° 


OOH  -  C^(OH)CO^. 


This  acid  occurs  in  the  flowers  of  several  species  of  spircea,  and  its 
methyl-ester,  C^H^  \  p^z-vprr  >  forms  a  large  part  of  oil  of  winter- 
green,  from  which  it  was  formerly  prepared.  It  is  now  prepared  on 
a  large  scale  by  passing  CO,  into  a  heated  retort  containing  sodium 
carbolate. 

QH.ONa  +  CO,  -  QH,(OH)CO  .  ONa. 
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By  decomposing  the  mass  with  hydrochloric  acid,  the  acid  is  set  free. 
When  pure,  saficylic  acid  occurs  as  fine,  white,  prismatic,  needle- 
shaped  crystals,  permanent  in  air,  having  a  sweetish,  slightly  acrid 
taste  and  acid  reaction;  soluble  in  450  parts  of  cold  water  and  in 
2.5  parts  of  alcohol.  Its  solutions  give  an  intense  violet  color  with 
ferric  salts.  This  is  used  as  a  test.  Salicylic  acid  is  sometimes  added 
to  wines,  beer,  and  other  articles  of  food,  as  a  preservative — a.  use 
which  should  be  prohibited. 

The  salicylates  of  potassium,  lithium,  sodium,  bismuth,  and  some 
of  the  alkaloids  are  used  in  medicine.  The  salicylic  esters  are  very 
numerous,  some  of  which  are  used  in  medicine,  and  have  already  been 
described. 

Closely  related  to  salicylic  acid  is  a  glucoside  of  oxybenzoic  alcohol, 
called  salicin. 

^^*  {  GHjjOH.  ^•^^  {  CH,0(C,H„0,). 


Oxybenxoic  Akc^.  Sa&ji 


in. 


Ciniuunic  add,  Cyi^CH  :  CH .  COOH,  is  found  in  balsams  of  Peru  and 
tolu  and  in  liquid  storax  and  a  number  of  other  natural  products.  It  is  now  usually 
prepared  by  heating  a  mixture  of  benzaldehyde,  acetic  anhydride,  and  sodium 
acetate.    The  condensation  is  expressed  in  the  following  equation: 

QH^CHO  +  CHjCOOH  -  €.11,  .  CH  :  CH  .  COOH. 

Cinnamic  acid  crystallizes  from  water  in  needles  soluble  with  difficulty  in  water. 
The  add  has  been  used  in  the  treatment  of  tuberculosis  either  in  the  form  of  an 
emulsion  or  hypodermatically.  Phenyl-propionic  add,  C«H,CH, .  CH, .  COOH, 
andphenyl-acetic  add  (toluic  acid),  C^H^CH, .  COOH,  are  other  adds  of  the 
same  class. 

Gallic  acid,  trihydroxy-benzoic  acid,  acidiim  gallicum  (U.  S.  P.), 
CeH2(0H),.C00H.H,0,  is  prepared  from  gall-nuts  by  keeping  them 
in  a  warm,  moist  place  until  they  undergo  fermentation,  extracting  the 
mass  with  boiling  water,  and  crystallizing.  It  may  be  obtained  from 
tannic  add  by  boiling  with  diluted  acids  or  alkalies,  or  by  spontaneous 
fermentation,  as  above  described  for  gall-nuts. 

Gallic  acid  crystallizes  from  water  in  fine,  silky  needles,  readily 
soluble  in  three  parts  of  boiling  water,  in  ether  and  in  alcohol.  It 
gives  a  blue-black  precipitate  with  ferric  salts,  and  its  hot  solution  re- 
duces the  salts  of  silver,  mercury,  and  gold.  Its  normal  salts  are  per- 
manent, but  their  solutions  readily  decompose.  It  has  a  strong  astringent 
taste,  and  is  used  in  medicine,  in  conunon  with  tannin,  as  a  hemostatic 
and  astringent. 

Cresotic  Adds,  Hydroxy-toluic  Adds.-CeH.CHjOHCOOH.  There  are 
three  of  these,  corresponding  to  the  ortho-,  meta-,  and  para-cresols.  They  are  pre- 
pared by  the  action  of  sodium  hydroxide  and  carbon  dioxide  upon  the  cresols,  accord- 
ing to  the  above  described  method  of  preparing  salicylic  aad  from  phenol.  They 
may  also  be  prepared  by  melting  the  homologues  of  phenol  with  excess  of  potassium 
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hydroxide.  The  cresotic  acids  all  crystallize  in  long,  white,  prismatic  needles, 
which  can  be  volatilized  in  a  current  of  steam.  They  are  soluble  with  difficulty  in 
coldi  but  more  so  in  hot  water;  readily  soluble  in  alcohol,  ether,  and  chloroform. 
In  solution  Uieir  reactions  are  similar  to  salicylic  acid.  Several  salts  of  cresotic  acid 
have  been  suggested  as  medicinal  remedies.    Sodium  cresotate  and  sodium  para- 

{CH, 
OH         ,  have  been  used.    The  latter  salt  is  a  fine,  crystalline 
COONa 
powder  with  a  bitter  tase,  soluble  in  25  parts  of  water.    It  has  been  used  in  rheuma- 
tism, in  doses  of  from  8  to  45  grains. 

PhthaHc  Add  (Bcnzenc-dicarboxyUc  Acid).— C,h/^^q^.    There   are 

three  isomeric  acids  having  this  formula,  the  ortho-»  meta-,  and  para-phthallc  acids. 
On  heating  the  ortho-acid  to  213^0.  (415.4^  F.)  it  melts  and  is  converted  into 
phthalic  imhydride. 

COOH 

OOH  = 


O-phthalic  Add.  Phthafic  Anhydride. 


On  heating  the  anhydride  with  phenol  and  sulphuric  add,  phenolphthalein  is 
formed. 

X-(CJH,OH), 
2C,H,OH  +  CgH^CjO,  -  C,H  /  >0 

^CO 

Phenolphthalein  is  a  white  or  yellowish-white,  crystalh'ne  powder,  slightly  soluble 
in  water,  but  readily  soluble  in  alcohol.  It  retains  the  phenol  character  and  com- 
bines with  the  caustic  alkalies  and  alkaline  earths  and  the  alkaline  carbonates  to 
form  bright  pink  compK)unds.  It  is  employed,  on  this  account,  as  an  indicator  in 
alkalimetry  and  acidimetry.  It  is  employed  in  the  volumetric  estimation  of  the 
weak  organic  acids  in  the  urine,  gastric  contents,  milk,  etc.  It  is  not  sensitive 
with  ammonia. 

AROMATIC  ESTERS. 

We  shall  consider  only  a  few  of  the  esters  and  allied  compounds 
which  are  used  in  medicine. 

Methyl  salicylate  has  already  been  described  (see  page  345). 

Salol,  pheiiyl-salicylatei  phenylis  salicylas  (U.  S.  P.),  C«Hs-0- 
C7H5O3,  is  prepared  by  heating  a  mixture  of  sodium  phenyl,  sodium 
salicylate,  and  phosphorus  oxychloride.    The  reaction  is  as  foUows: 

2CeH,ONa  +  2CeH,OHCOONa  -I-  POCl,  - 
Sod.  Phenol.  Sod.  Salicylate. 

3NaCl  +  NaPO,  +  2CaH,OHCOOCeH,. 
Phenyl-taficylate. 

Another  method  is  to  heat  salicylic  acid  in  a  flask  to  22cP  to  230^ 
C.  (428®  to  446°  F.)  in  an  atmosphere  of  inert  gas,  as  CO„  when  it 
loses  water  and  COji,  and  is  converted  into  salol. 
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•CA{  8oOH  -  CO.  +  H.O  +  Q.H. {  gH^H. 
SftKcyKc  Add.  Pbenyl-saKcylate. 

Or  by  the  reaction  of  COCl,  on  salicylic  acid.  Salol  is  found  in  the 
market  as  a  white  crystalline  powder,  almost  insoluble  in  water,  hav- 
ing a  faint  aromatic  odor  and  a  slightly  salty  taste.  It  is  soluble  in 
ether,  alcohol,  benzene,  and  fatty  oils.  It  melts  to  a  colorless,  oily 
liquid  at  43**  C.  (no®  F.).  It  is  not  a  very  stable  compound,  and 
easily  breaks  up  into  carbolic  and  salicylic  acids.  With  fixed  alkalies 
it  breaks  up  into  a  salicylate  and  an  alkali  phenol.  This  change  takes 
place  with  the  sodium  carbonate  of  the  bile  in  the  duodenum.  It  is 
used  in  medicine  as  an  intestinal  antiseptic,  and  in  the  treatment  of 
rheumatism. 

Salacetol,  acetol  salicylate,  (CH,COCKyCOaCeH^OH,  is  a  com- 
pound recently  introduced  as  a  substitute  fbr  salol,  from  which  it 
differs  in  having  the  radical  acetol,  C,H|0,  in  place  of  the  phenyl 
radical,  C«Hg. 

Salacetol  is  prepared  by  heating  together  monochloracetone  and 
sodium  salicylate: 

Sodium  SaKcylate.       Monochlonicetone.  Sdaoetol. 

Salacetol  occurs  in  white,  shining  leaflets,  melting  at  71®  C.  (160^ 
F.),  very  slightly  soluble  in  water,  soluble  in  15  parts  of  cold  alcohol, 
in  35  parts  of  castor  oil,  or  in  30  parts  of  almond  or  olive  oil.  It  con- 
tains 7 1. 1  per  cent,  of  salicylic  acid  in  combination  with  the  absolutely 
non-toxic  substance,  acetol,  a  homologue  of  levulose.  Salacetol  may, 
therefore,  be  regarded  as  a  synthetical  glucoside.  It  is,  like  salol, 
decomposed  by  alkalies  into  acetone  and  an  alkaline  salicylate.  It  re- 
duces Fehling's  solution. 

It  has  been  used  as  an  intestinal  antiseptic  and  in  rheumatism,  both 
internally  and  by  inunction.  It  may  be  given  in  doses  as  large  as  two 
or  three  Rrams. 

Salopneiiy  acetyl-para-amido-phenyl  salicylate, 

^•^*<COO .  CeH,NH(C^,0), 

may  be  regarded  as  salol  in  which  an  atom  of  hydrogen  in  the  phenyl 
group  has  been  replaced  by  the  univalent  group  NHCOCH3. 

SiEdophen  occurs  in  minute,  white,  crystalline  scales,  almost  en- 
tirely insoluble  in  water,  and  free  from  odor  and  taste.  It  is  freely 
soluble  in  alcohol  and  ether.  The  alcoholic  solution  gives  a  violet- 
colored  precipitate  with  FejCl,,  and  a  dense-white  one  with  bromine 
water.    It  melts  at  187®  C.  (368.6®  F.).    Like  salol,  it  splits  up  in 
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the  body,  and  is  excreted  as  salicyluric  acid  and  paraphenol  com- 
pounds.   It  is  comparatively  innocuous. 

Salol-camphor  is  prepared  by  fusing  a  mixture  of  three  parts  salol 
and  two  parts  camphor.  It  is  a  colorless,  oily  liquid,  soluble  in  ether, 
chloroTorm,  and  oils. 

Betel,  /?-naphthol  saUcylate,  QH,(OH)COOCioH7,  has  been 
used  for  the  same  purposes  as  salol.  It  occurs  as  a  white,  crystalline 
powder,  almost  insoluble  in  water. 

Phenyl-urethane,  euphorin,  C^,NH  .  CO .  OCyij,  is  the  phenyl- 
ester  of  ethyl  carbonic  acid.  It  occurs  as  a  colorless,  crystalline  pow- 
der, slightly  soluble  in  cold,  but  more  soluble  in  hot  water.  It  is  sol- 
uble in  even  diluted  alcohol  and  in  ether.  It  is  used  as  an  antipyretic, 
analgesic,  and  antirheumatic  in  doses  of  2  to  8  grains. 

AROMATIC  COMPOUUDS  CONTAIHIIfG  SULPHUR. 

Thiophenoly  CqHsSH,  has  been  obtained  by  heating  phenol 
with  PjSj.  It  has  the  properties  of  the  mercaptans.  Aromatic  thio- 
ethers,  sulphones,  sulphinic  and  sulphonic  acids  are  known,  but  with 
the  exception  of  the  last  named  are  not  used  in  medicine. 

Benzene  sulphonic  acid,  C^U^ .  SO3H,  is  formed  by  treating 
benzene  with  concentrated  sulphuric  acid.  It  forms  colorless,  hygro- 
scopic plates,  freely  soluble  in  alcohol.  When  fused  with  potassium 
hydroxide  it  yields  phenol.  The  purest  phenol  of  the  markets  is  now 
made  by  this  process. 

Sulphocarbolic  acid,  ortho-phenolsulphonic  acid,  C^HfiR.- 
SO3H,  is  formed  by  the  action  of  strong  sulphuric  acid  on  phenol  at  the 
ordinary  temperature,  along  with  a  small  quantity  of  paraphenol  sul- 
phonic add. 

The  barium  salt  from  which  the  other  salts  may  be  prepared  is  pre- 
cipitated by  adding  barium  carbonate  to  the  diluted  add.  Sulpho- 
carbolic add  is  also  sold  under  the  names  of  sozolic  acid  and  aseptol, 
and  is  recommended  as  an  antiseptic  for  internal  use.  It  sometimes 
occurs  as  small,  deliquescent  needles,  but  generally  as  a  red  liquid, 
freely  soluble  in  water,  alcohol,  or  glycerol. 

The  sulphocarbolates  of  sodium  and  zinc  are  used  for  internal 
medidnal  use. 

Sodii  phenolsulphonas  (U.  S.  P.)  is  a  colorless,  transparent,  crys- 
talline solid,  with  a  saline,  slightly  bitter  taste.  It  is  soluble  in  4.8 
parts  of  water  and  in  132  parts  of  alcohol.  Its  solutions  give,  with 
FejCl,,  a  pale  violet  color. 

Sozoiodoly  di-iodo-para-phenolsulphonic  acid,  QH^sOH .  - 
SO3OH,  is  a  crystalline  solid,  occurring  in  adcular  prisms,  readily 
soluble  in  water,  alcohol,  and  glycerol 
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It  is  prepared  by  the  action  of  a  solution  of  iodide  and  iodate  of 
potassium  upon  sulphocarbolate  of  potassium  dissolved  in  dilute  HCl. 
It  has  been  used  as  a  substitute  for  iodoform,  in  surgical  dressings. 
The  sodium  salt  is  recommended  as  a  remedy  for  whooping-cough. 

roH 

Salicyl-sulphonic  acid,  CoH,  ■<  COOH,  is  formed  by  the  action 

(SOjOH 
of  strong  sulphuric  add  upon  salicylic  add.    It  separates  from  the 
mixture  in  fine,  white  needle-shaped  crystals,  very  soluble  in  water. 
Its  aqueous  solution  is  used  as  a  delicate  test  for  albiunih  in  urine. 

Calcimn  i^-naphthol  sulphonate  has  recently  been  introduced 
as  an  antiseptic  under  the  name  of  asaprol,  Ca(CioH^020H)2.  It 
occurs  in  adcular  crystals,  readily  soluble  in  water  and  in  alcohol. 
It  has  been  used  internally  in  doses  of  from  15  to  60  grs. 

Alumnoly  i9-naphthol-disulphonate  of  ahiininnin,  (CioH,- 
OH .  (SO,)j),Al^  is  a  white  powder,  easily  soluble  in  water  and 
glycerol.    It  darkens  on  exposure  to  air. 

It  i»  prepared  by  heating  i^-naphthol  with  HjSO^  at  no**  C. 
(230**  F.).  The  resulting  naphthol-disulphomc  add  is  converted 
into  the  barium  salt,  and  this  treated  with  aluminum  sulphate  to  pro- 
duce the  aluminum  salt. 

It  is  used  as  an  antiseptic  and  astringent. 

Saccharin,  gltssidum  (Br.),  benzoyl-sulphonic  imid,  benzo  sul- 
phinidum  (U.  S.  P.),  QH^COSOaHN,  is  employed  as  a  sweetening 
agent.  Its  sweetening  power  is  200  to  3cx:>  times  that  of  sugar.  The' 
substance  is  usually  prepared  from  toluene-sulphonic  add.  It  is  a 
white  p)owder,  with  an  intense  sweet  taste  and  a  fine  almond  odor. 
It  is  slightly  soluble  in  water,  forming  a  feebly  add  liquid.  It  is  more 
soluble  in  alcohol,  glycerol,  ammonia  water,  or  in  a  solution  of  sodium 
bicarbonate.  Saccharin  has  been  largely  recommended  as  a  sweetening 
agent  for  use  by  diabetics,  to  avoid  the  use  of  sugar.  It  has,  however, 
proven  unsuitable  for  this  purpose,  owing  to  its  disturbing  effects  upon 
the  digestion.  Owing  to  these  effects,  also,  its  use  has  been  prohibited 
by  statute  in  several  European  countries.  It  is  employed  to  sweeten 
wines,  and  is  sometimes  used  in  pharmacy  to  sweeten  elixirs,  syrups, 
etc.,  and  to  mask  the  taste  of  the  alkaloids  and  bitter  prindples. 

Ichthyoly  ammonium  ichthyol-sulphonate,  Cjs^se^s^eC^HJ,, 
is  obtained  by  the  distillation  and  purification  of  a  pitch-like  mineral 
deposit.  It  is  a  dark-brown,  pitch-like  mass,  having  a  disagreeable, 
tarry  odor.  The  sodium,  Hthium,  and  iron  salts  have  also  been 
prepared,  but  the  ammonium  salt  is  the  one  generally  used.  It  is 
slightly  soluble  in  water,  glycerol^  and  most  of  the  fixed  oils. 
29 
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AROMATIC  AMINS. 
The  classification  of  the  aromatic  amins  and  amids  is  the  same  as 
that  of  the  fatty  compounds. 

Phenylamin,  or  anilin,  NHjQHj,  is  the  best-known  aromatic 
amin.  It  is  obtained  from  benzene  by  first  converting  this  into  nitro- 
benzene, by  the  action  of  a  mixture  of  concentrated  nitric  and  sulphuric 
acids 

QH^  +  HNO,  -  CeH^^O,  4-  H,0. 
Benzene.  Nitrobenzene. 

Nitrobenzene"  is  generally  a  pale  yellow,  strongly  refractive  liquid, 
boiling  at  220®  C.  (428**  F.).  It  has  a  burning,  sweet  taste,  and  an 
odor  resembling  that  of  bitter  almonds  and  cinnamon.  It  is  used  in 
perfumery  under  the  name  of  essence  of  mirbane.  It  is  a  violent 
poison.  When  treated  with  nascent  hydrogen,  generated  by  zinc  and 
acetic  or  hydrochloric  acid,  anilin  is  produced,  the  nitrogen  passing 
from  the  pentad  to  the  triad  condition. 

QH,NO,  +  3H,  -  CeH.NH,  +  2H,0. 
Nitrobenzene.  Anilin.  • 

The  anilin  combines  with  the  acid  present,  forming  a  crystallizable 
salt.  Like  all  the  amins,  it  acts  as  a  base,  uniting  directly  with 
acids. 

Anilin  is,  when  pure,  a  colorless,  oily,  refractive  liquid,  boiling  at 
182®  C.  (359®  F.),  and  is  insoluble  in  water.  It  is  the  basis  of  a  large 
number  of  beautiful  coloring  matters,  very  much  employed  in  dyeing 
and  calico  printing.  In  1858  Perkins  obtained  a  purple  dye,  by 
acting  upon  anilin  oil  with  potassium  dichromate  and  sulphuric  acid. 
Other  colors  were  soon  obtained;  greens,  yellows,  reds,  blues,  violets, 
and  black  have  all  been  obtained  from  anilin.  These  dyes  are  soluble 
in  alcohol  and  glycerin,  and  are  used  for  a  variety  of  purposes. 

Anilin  is  easily  detected  by  a  solution  of  sodium  hypochlorite 
(chlorinated  soda),  with  which  it  gives  a  purple-colored  solution. 

Anilin  is  a  powerful  narcotic  poison,  whether  taken  internally 
or  inhaled  as  a  vapor.  The  salts,  when  pure,  are  comparatively 
innocuous. 

The  first  homologue  of  anilin  is  toluidine,  and  is  prepared  from 
toluene  by  the  formation  and  reduction  of  nitrotoluene.  There  are  three 
isomeric  nitrotoluenes  and  three  corresponding  toluidins. 

Derivatives  of  Anilin.— Methyl  anilin,  QH5 .  NH  .  CH„  and 
dimethyl  anilin,  QHg .  N(CH3)2,  are  technically  important  com- 
pounds in  the  production  of  dyes.  Diphenylamin,  (QH5)2NH,  is 
a  colorless,  crystalline  powder.  Its  solution  in  sulphuric  acid  gives 
an  intense  blue  color  with  nitric  or  nitrous  acids.  This  reaction  is 
very  delicate  and  is  used  for  their  detection  in  potable  waters  (p.  132). 
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It  is  used  in  the  manufacture  of  dyes.    Triphenylamin,  (QH5)jN, 
is  also  known. 

Anilids. — The  hydrogen  atoms  of  the  amidogen  group,  in  anilin, 
may  be  replaced  by  various  negative  or  add  radicals,  forming  anilids. 
We  may  substitute  CI  for  the  H,  forming  several  isomeric  chloranilids. 
In  all  such  cases  the  N  is  assumed  to  be  attached  to  C  atom  number 
one  of  the  benzene  ring.  A  large  number  of  isomeric  compounds 
are  thus  produced,  none  of  which  have  been  employed  in  medicine. 
The  nitronderivatives,  which  may  easily  be  formed,  are  not  employed 
in  medidne. 


Acetanilidy  antifebriiiy  acetanilidmn  (U.  S.  P.) 


CQH, 
,N^C,H30,  dif- 
(H 


fers  froni  anilin  in  having  the  radical  of  acetic  add  substituted  for  one 
hydrogen  atom.  It  may  be  prepared  by  the  distillation  of  anilin  acetate, 
or  by  boiling  anilin  with  gladal  acetic  add. 

It  occurs  in  white,  shining  plates,  melting  at  112.8®  C.  (235®  F.) 
and  boiling  at  292^  C.  (558°  F.). 

It  is  sparingly  soluble  in  cold  water,  but  is  more  freely  soluble  in 
hot  water,  from  which  it  crystallizes  on  cooling.  It  is  very  much 
employed  in  medidne  as  an  antipyretic — i,  e.,  to  lower  the  bodily 
temperature  in  fevers.  It  is  used  in  the  arts  for  the  preparation  of 
derivatives  of  anilin. 

It  is  prepared  by  the  prolonged  action  of  pure  anilin  upon  gladal 

acetic  add  at  a  high  temperature,  submitting  the  mixture  to  fractional 

distillation,  collecting  what  passes  over  at   295**.  C.   (563®  F.),  and 

recrystallizing  from  boiling  water. 

QH,NHa  +  C,H,0^  -  QH.NHC^.O  +  H,0. 
Amlin.  Acetic  Acid.  AcetaniHd. 

It  is  official  in  the  U.  S.  P.  and  in  several  foreign  pharmacopoeias. 
It  is  identified  by  the  development  of  a  yellow-green  color,  with  a 
green  fluorescence  (flavanilin)  when  heated  for  some  time  with  an  equal 
wdght  of  ZnClj.  Acetanilid  is  only  partly  decomposed  in  the  animal 
body,  being  excreted  in  the  urine  in  the  form  of  complex  phenols. 
Antifebrin  is  the  copyright  name  of  acetanilid. 

CQH, 
Methyl-acetanilidy  exalgin,  N  <  C3H3O,  is  produced  by  the  sub- 

(CH, 
stitution  of  CH,  for  H  in  acetanilid.  It  is  formed  by  warming  to- 
gether methylanilin  and  acetyl-chloride.  It  occurs  as  a  tasteless, 
crystaUine  powder,  with  a  melting  point  of  100®  C.  (212°  F.),  and 
boihng  without  decomposition  at  240®  to  250®  C.  (464®  to  482°  F.). 
It  is  readily  soluble  in  alcohol,  but  with  difficulty  in  water.     It  is 
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employed  in  medicine  for  the  relief  of  pain,  and  is  best  given  in  cap- 
sules  or  powders,  in  doses  of  one  to  four  grains. 

Phenacetin,  Acetphenetidinum  (U.  S.  P.).— N  ]  C^O. 


(h. 


As  will  be  seen  from  a  comparison  of  the  formulae,  this  compound  is 
closely  related  to  acetanilid.  It  is  prepared  from  sodium  paranitro- 
phenol,  by  converting  it  into  paranitrophenetol  by  the  action  of  ethyl- 
iodide.  This  is  reduced  to  paraphenetidin,  which,  on  prolonged  boiling 
with  glacial  acetic  acid,  yields  phenacetin.  Phenacetin  occurs  as 
colorless,  tasteless,  inodorous,  glistening,  scaly  crystals,  melting  at 
13s®  C.  (275*^  F.).  It  is  sparingly  soluble  in  cold  water,  but  soluble 
in  about  seventy  parts  of  hot  water.  It  is  more  soluble  in  alcohol. 
It  is  very  much  employed  in  medicine  as  an  antipyretic,  and  for  the 
relief  of  pain,  in  doses  up  to  fifteen  grains.  It  has  slight,  if  any,  toxic 
properties.  It  may  be  identified  by  the  production  of  a  deep-red 
color  with  chromic  add,  when  added  to  the  drug  dissolved  in  diluted 
hydrochloric  acid.  Its  freedom  from  acetanilid  may  be  proven  if  its 
aqueous  solution  does  not  become  turbid  on  the  addition  of  bromine 
water.  Sulphuric  add  should  dissolve  it  without  color.  Heated  with 
free  access  of  air,  it  bums  off,  leaving  no  residue. 

Antipyriiiy  phenyl-dimethyl-pyrazolony  phenazone  (Br.),  anti- 

pyrina  (U.  S.  P.),  QH,N  I  ^ChJcCH,'  ^^  P^^P^^  ^^  *^  ^^^'^  ^^ 
phenyl-hydrazin  on  acetylactic  add,  by  which  phenyl-hydrazin  acetylac- 
tate  is  formed.  By  the  action  of  heat  this  separates  into  ethyl-alcohol 
and  phenyl-methyl-p)rrazolon.  By  warming  this  compound  with 
methyl-iodide,  a  dimethyl-phenyl-pyrazolon  is  produced.  Antipyrin 
forms  small,  lustrous,  rhombic  needles,  or  plates,  which  are  odorless  and 
have  a  bitter  taste.  It  melts  at  113°  C.  (235**  F.),  and  is  readily  soluble 
in  water,  alcohol,  and  chloroform,  but  it  is  less  soluble  in  ether.  On 
exposure  to  the  air  it  takes  up  a  small  quantity  of  water,  and  thus 
melts  at  a  lower  temperature.  It  is  decomposed  by  strong  NaOH 
solution,  the  base  separating  as  a  milky  oil,  speedily  collecting  into 
globules.  The  aqueous  solution  exhibits  no  alkaline  reaction  with 
Utmus,  but  does  so  with  methyl-orange.  It  may  be  quantitatively 
estimated  by  titration  in  an  aqueous  or  alcoholic  solution  with  methyl- 
orange  as  an  indicator.  It  is  a  strong  univalent  base.  Its  salts,  most 
of  which  are  soluble,  do  not  crystallize.  Several  of  these  salts  have 
been  used  in  medidne.  The  benzoate,  obtained  by  the  addition  of 
antipyrin  to  a  boiling  solution  of  benzoic  acid,  has  a  pungent  taste 
and  a  slight  odor  of  benzoic  add.  It  is  slightly  soluble  in  water,  but 
freely  so  in  alcohol  and  ether.    The  salicylate,  or  salipyrin,  is  the 
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only  one  of  these  salts  which  has  been  much  used  in  medicine.  It  is 
prepared  by  the  direct  combination  of  antipyrin  and  salicylic  add. 
It  occurs  as  a  white,  coarsely  crystallized,  odorless  powder,  with  a 
harsh,  sweetish  taste,  almost  insoluble  in  water,  but  readily  soluble 
in  alcohol,  from  which  it  crystallizes  in  hexagonal  tables.  It  has  been 
recommended  as  a  remedy  in  the  treatment  of  rheumatism.  Antipyrin 
also  forms  compounds  with  phenol.  Phenopyrin  is  prepared  from 
equal  parts  of  crystallized  phenol  and  antipyrin.  Pyrogallopjrriny 
naphthopjrriny  and  resopyrin  are  compounds  of  pyrogallic  add, 
naphthol,  and  resordn,  respectively,  with  antipyrin.  Antipyrin  forms 
several  compoimds  with  chloral.  One  of  these  has  been  used  in  medi- 
dne  under  the  name  of  hypnal.  lodopjrrin  is  a  substitution  product, 
in  which  one  atom  of  H  of  the  benzene  nudeus  has  been  replaced  by 

{COCH 
NTHrrH*     ^^  occurs  as  a 

tasteless,  colorless,  crystalline  powder.  It  is  sli^tly  soluble  in  cold 
and  readily  in  hot  water. 

Tests  for  the  Anilin  Deriyatiyes. — Acetanilid  and  antipyrin  are  freely  soluble 
in  chloroform.  Phenacetin,  soluble  in  CHCl,  with  difficulty.  Antipyrin  is  the  only 
one  freely  soluble  in  water.  Acetanilid,  when  heated  with  CHCl,  and  a  few  drops 
of  strong  solution  of  KOH,  gives  a  disagreeable  odor  of  phenyl-isonitril.  Phenace- 
tin  and  antipyrin  do  not  give  this  reaction.  Ferric  chloride  solution  gives  a  red 
solution  with  antipyrin,  d&ppearing  on  adding  a  few  drops  of  H^O^;  it  gives  a 
red  color  only  on  Doiling  with  acetanilid,  exalgin,  and  phenacetin. 

Acetanilid  and  antipyrin  give  predpitates  from  watery  solution,  with  bromine 
water.    Others  do  not. 

Nitrous  add  and  sweet  spirits  of  nitre  give  a  green  color  with  antipyrin,  due 
to  i8onitroso-antip3nin. 

Diamins. — Few  of  these  compounds  are  of  suffident  importance  to  the 
pharmacist  or  physician  to  be  described  here.  A  few  of  them  have  been  found 
among  the  products  of  bacterial  decomposition  of  proteid  matters. 

Metaimenylene  diamin,  C^H^CNH^y  obtained  by  the  reduction  of  m-dinitro- 
benzene,  is  a  colorless,  crystalline  solid,  giving  an  intense  yellow  color  with  traces 
of  nitrous  add.    It  is  employed  as  a  test  for  nitrites  in  potable  waters  (p.  132). 

THE  AZO-  AND  DIAZO-COMPOUNDS  AND  HYDRAZINS. 

These  three  classes  of  compounds  are  characterized  by  the  group  — N, — . 
They  differ  from  one  another  in  the  constitution  of  the  N,  group.  In  the  azo- 
compounds  this  group  has  the  arrangement,  — ^N— N — ;  in  the  diazo-compounds, 
n^  -  ;  and  in  the  hydrazins,  — KN-NH— . 

The  azo-compounds  are  formed  b3rthe  reduction  of  the  nitro-compounds  in  an 
alkaline  solution.    The  reduction  in  an  add  solution  yields  amido-compounds. 


1.  2C,H^O,  +  4H,  (from  Zn  +  NaOH)  -  CeHJ^-N— QHa  + 

2.  QW^O,  +  3H,  (from  Zn  +  HCjH,OJ  -  QH^H,  +  2H,0. 


4H,0. 


The  diazo-,  or  diazonium  compounds  are  formed  by  the  action  of  nitrous  add, 
or  sodium  nitrite,  upon  an  aromatic  amin  in  a  strongly  add  solution. 
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OH^H, .  HNO,  +  HNO,  -  C,Ha— N— NO- 
^iSiUnMtnUe.  ||| 

N 
Benxene-<iia«>iuum  Nitrate 
or  DiaiobcnieDc  Nitrate. 

The  diazo-compounds  were  discovered  by  Griess  in  1860,  and  the  above  reaction  is 
called  the  diazo-reaction.  Ehrlich  has  applied  the  reaction  to  the  urines  of  t3rphoid 
fever  for  diagnostic  purposes  (see  p.  644). 

The  azo-  and  diazo-compounds  play  an  important  r6Ie  in  the  manufacture  of 
coal-tar  dyes.  The  diazo-compounds  resemble  the  ammonium  compounds  in 
properties,  and,  like  NH^  have  been  obtained  only  in  combination  as  salts.  Hence 
the  origin  of  the  name  diazonium. 

Azobenzene,  (C.H,)^y  is  an  oranse-red,  crystalline  powder,  fusing  at  68? 
C  (154.4**  F.)  and  boilifig  at  295**  C.  (563®  F.).  It  is  insoluble  in  water,  and  yields 
anilin  on  reduction.  It  is  formed  by  reducing  nitrobenzene  with  stannous  chloride 
in  an  excess  of  KOH.  Further  reduction  of  the  azobenzene  with  zinc  dust  and 
NaOH  convert  it  into  hydrazobename,  while  zinc  dust  and  acetic  add  convert  it 
into  anilin. 

1.  (QByj^,  -h  HL  (from  Zn  +  NaOH)  -  (CJS^^i^ 

2.  (C,H^X  +  2",  (from  Zn  -h  HCjH,OJ  -  2C,H,NH^ 

When  diazobenzene  chloride  is  treated  with  anilin  the  following  reaction  takes 
place  with  the  formation  of  amido-azobenzene: 

CeH^jN.Cl     +     QH^NH,     -     CeH,— N  :  N  .  NHQHa. 
Diazobenzene  Chloride.  Anilin.  Amido-azobenzene. 

If  in  the  above  reaction  we  use  dimethvl-anilin  instead  of  anilin  the  following  reac* 
tion  takes  place  with  the  formation  of  dimethyl-amido-azobenzene: 

CeH,N  :  NCI     -h      CeH,N(CHJ,     -     QH,N  :  N .  C.H;^(CH^,. 
Diazobenzene  Chloride.         Diinethyl-anifin.  Dimethyl-amido-aaobenzene. 

DimethylHunido-azobenzene  is  a  yellow  powder  soluble  in  alcohol,  but 
nearly  insoluble  in  water.  When  in  solution  it  combines  with  the  mineral  adds  to 
produce  an  oranse-red  solution.  It  is  employed  as  an  indicator  for  the  detection 
and  estimation  of  free  mineral  acids.  It  is  espedally  employed  as  an  indicator  in 
the  volumetric  estimation  of  free  hydrochloric  acid  in  gastric  contents. 

HYDRAZINS. 

The  hydrazins  are  a  series  of  peculiar  bases,  mostly  liquid,  and 
closely  resembling  the  amins.  They  dififer  from  them  in  containing 
two  atoms  of  N  instead  of  one,  and  in  their  ability  to  reduce  an  alkaline 
copper  solution  (Fehling's),  in  most  cases,  even  in  the  cold.  They  are 
derived  from  diamidogen,  or  hydrazin,  NHjNH,,  of  which  little  is  yet 
known.  In  hydrazin,  as  in  ammonia,  we  may  replace  one  or  more 
of  the  H  atoms  with  a  hydrocarbon  radical.  If  one  H  atom  be  re- 
placed, we  have  a  primary  hydrazin;  if  two  are  replaced,  we  have 
a  secondary  hydrazin. 

Thus,  ethyl-hydrazin,  CjHgNH— NH,,  is  a  primary  hydrazin; 
diethyl-hydraziiiy  (C2H6),=N— NH,,  is  a  secondary  hydrazin. 

Phenyl-hydraziny  CeH,NH~NHi,  is  a  colorless,  crystalline  solid, 
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melting  at  23**  C.  (73®  F.)  to  a  colorless  oil  which  boils  at  233®  C. 
(451®  F.)  without  decomposition.  It  combines  with  HCl  to  form 
phenyl-hydrazin  iiydrochloride,  QHjNjHjHCl,  which  forms  white, 
crystalline  plates.  Like  all  hydrazins,  it  is  characterized  by  its  strong 
reducing  power,  reducing  Fehling's  solution  in  the  cold.  It  is  pre- 
pared by  reducing  diazobenzene  chloride  with  SnCI,  and  HCl. 

qHj.  N  =  N  —  CI  +  4HCI  +  aSnCl,  -  CeH. .  NH  .  NH, .  HCl  +  aSnCI^ 
Duxobenzene  Chloride. 

It  is  sparingly  soluble  in  water,  but  soluble  in  alcohol  and  ether.  It 
is  important  as  an  exceedingly  delicate  test  for  aldehydes  and  ketons, 
combining  with  them  to  form  a  class  of  bodies  known  as  hydrazones, 
and  with  the  sugars  to  form  osazones.  Most  of  these  compounds  are 
solid  and  crystalline,  and  may  easily  be  recognized.  They  are  em- 
ployed in  the  separation  of  the  sugars  from  one  another. 

UIDOL  AUD  SKATOL. 

Indoly  CeH^        /CH,  is  an  aromatic  amin  formed  along  with 

skatol  by  the  bacterial  decomposition  of  proteids,  or  by  fusing  protdds 
with  KOH.  It  occurs  in  normal  feces,  where  it  is  form^  during 
the  putrefactive  decomposition  of  proteids,  which  usually  occurs,  to 
a  greater  or  less  extent,  in  the  alimentary  canal.  A  part  of  the  indol 
is  absorbed  into  the  circulation,  is  oxidized  to  indoxyl,  and  appears  in 
the  urine  as  potassium  indozyl-sulphate.  The  remnant  passes  out 
with  the  feces.  It  may  be  obtained,  together  with  phenol  and  skatol, 
by  acidulating  and  distilling  the  products  of  a  somewhat  prolonged 
putrefactive  or  pancreatic  digestion  of  proteids.  Indol  passes  over 
with  the  distillate,  from  which  it  is  extracted  by  shaking  with  ether. 
When  the  ether  evaporates,  indol  is  left  as  an  oily  liquid.  Indol  is  a 
crystalline  body,  soluble  in  boiling  water,  alcohol,  and  ether.  It  may 
be  detected  as  follows:  A  strip  of  pine-wood,  moistened  with  HCl, 
is  colored  a  bright  crimson  when  dipped  into  an  alcoholic  solution 
of  indol.  The  alcoholic  solution  turns  red  when  treated  with  nitrous 
acid.  Its  aqueous  solution  gives  a  red  precipitate  with  the  same 
reagent. 

/NH\ 
SkatoL  methyl-indoly  C^K^  J^^CH,  occurs  also  in  human 

^CCH,^ 
feces,  together  with  indol,  being  present  in  larger  amounts  than  the 
latter.    It  is  supposed  to  give  the  peculiar  fecal  odor.    The  conditions 
of  its  production  are  the  same  as  those  for  indol,  so  that  the  two  sub- 
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Stances  occur  mixed  in  the  products  of  putrefactive  decomposition  of 
proteids,  and  of  the  action  of  caustic  potash  upon  protdds  at  a  high 
temperature.    A  portion  of  the  skatol  produced  in  the  intestine  is  ab- 

/NH\ 
sorbed,  oxidized  to  skatoxyl,  C^^^         COH,  and  i^pears  in  the 

I 
urine  as  potassiom  skatozyl-stdphate,  C^.    ^^^^C—O—^rO—'^. 

\^    a; 

XNH\ 
Indozyl-sulphuric  acid,  CqH^      ^CH  ,   is    the  indican 

\c:::;o-so,OH 

frequently  mentioned  as  occurring  in  the  urine.  This  compound  is 
not  identical  with  the  indican  found  in  plants,  which  is  a  glucoside. 
It  is  in  reality  a  sulphuric  ester  of  indoxyl,  CgHeNOH.  It  also  occurs 
in  urine  as  indoxyl-glyciu-onic  add.  Indican  is  increased  in  carnivorous 
animals  under  a  meat  diet,  but  is  not  increased  by  the  administration 
of  gelatin.  It  is  more  plentiful  in  the  urine  of  herbivora  than  of  car- 
nivora.  When  warmed  with  HCl  it  decomposes  into  indoxyl  and  add 
potassium  sulphate. 

CpHeNOSOjOK  +  H,0  -  QHJNTOH  +  KHSO4. 
Potaaaum  Indozyl-sulpluite.  Indoxyl. 

When  indoxyl  is  oxidized  with  ferric  chloride,  hydrogen  peroxide, 
nitric  add,  the  alkaline  hypochlorites,  etc.,  it  is  converted  into  indigo- 
blue  (see  page  647). 

2C.HeNOH  +  O,  =  C„HJ^,0,  +  2H,0. 

Phenol-sulphuric  acid,  cresol-sulphuric  acid,  pyrocatechinol- 
sulphuric  acidy  and  indozyl-glycuronic  acid  are  other  aromatic 
esters  found  in  the  urine  in  small  quantities. 

Indigo-bluCy  indigotin,  C^Ji^^fi^,  is  formed  as  above  stated 
from  indican,  and  gives  rise  to  the  blue  color  sometimes  observed  in 
sweat  and  urine.  Indigo  is  obtained  commerdally  from  the  leaves 
of  a  plant  cultivated  in  Bengal,  Central  America,  and  Java,  the  Indi- 
gojera  tinctoria.  It  occurs  in  the  plant  in  combination  with  glucose 
as  indican.  It  is  obtained  by  slow  fermentation  of  the  indican,  in  fine 
crystab,  insoluble  in  water,  but  soluble  in  alcohol,  ether,  chloroform, 
and  benzene.  Indigo  is  soluble  in  strong  H^SO^,  forming  two 
sulphonic  adds.  The  sodium  salts  of  these  adds  are  soluble  in  water, 
and,  when  mixed  with  sodium  sulphate,  constitute  "ifidigo-carmine" 
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of  commerce;  and  in  the  pure  form  of  sulphindigotate  of  soda  is 
employed  as  a  test  for  sugar  in  the  urine..  Indigo  possesses  a  pure 
blue  color,  and  leaves  a  r»d  streak  when  drawn  across  a  hard  body. 
Treated  with  reducing  agents  in  strongly  alkaline  solution,  it  is 
reduced  to  indigo-white,  Ci^HjjNjOj.  On  exposure  to  air  the  indigo- 
white  again  becomes  indigo-blue.  This  reaction  proves  a  convenient 
one  for  the  detection  of  indigo,  or  for  reducing  substances  like  dextrose. 
Indigo  is  now  manufactured  by  a  synthetic  process. 

&digo-red  (indirubin)  is  an  isomeric  coloring  matter  which  is 
formed  with  indigo-blue  by  the  oxidation  of  indoxyl.  It  is  soluble 
with  a  wine-red  color  in  alcohol,  ether,  benzene,  chloroform,  and  acetic 
add.  It  may  be  detected  by  neutralizing  the  solution  with  Na,COj, 
and  shaking  out  with  ether,  evaf)orate  off  the  ether,  and  dissolve  the 
residue  in  alcohol.  The  alcohol  should  be  colored  red.  This  color 
is  discharged  by  warming  the  solution  with  Na,CO,  and  glucose. 

THE  PURIN  BODIES. 

(ALLOXURIC   BODIES.) 

Under  the  name  of  purin  bodies  are  classed  a  considerable  num- 
ber of  related  bodies  found  in  the  human  tissues  and  secretions.  They 
are  of  great  interest  to  the  physician  because  of  their  supposed  relation 
to  the  body  metabolism,  both  in  health  and  disease. 

They  are  all  closely  related  to  a  hypothetical  body,  purin : 
N=CH 


hU- 


-NH 

II      ll         \cH 

To  this  group  of  bodies  belong  the  following  substances  found  in  the 
animal  body:  Uric  acid,  the  nuclein  bases  adenin,  guanin,  xanthin, 
hypoxanthin,  camin,  methyi-xanthin,  heteroxanthin,  paraxanthin,  epi- 
guanin  and  episarcin.  Also,  the  alkaloids  caffeine,  theobromine,  and 
theophylline  from  the  vegetable  world.  The  most  of  these  substances 
have  been  prepared  synthetically  by  E.  Fischer. 

Fischer  has  proposed  a  nomenclature  for  these  bodies  intended 
to  designate  their  structure,  based  up)on  a  system  of  numbering  the 
position  of  the  N  and  C  atoms  in  purin,  as  follows: 

6 


1=6 

iN  =  CH 

1      1 

Numbering  of 
the  PodtioDs. 

2CH  SC— NH 

II         II       "SCH. 

3N  —  C— N^ 

4   .9 
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Their  close  rdationsbip  is  shown  by  the  fact  that  they  may  be  con- 
verted, the  one  into  the  other.  They  are  found  most  abundantly  in 
conditions  where  there  is  an  accumulation  of  leucocytes  (white  blood- 
cells)  in  the  body.  During  cell-activity,  or  during  rapid  cell-disintegration, 
there  appear  in  the  cell  protoplasm  die  two  bases,  adenin  and  guanin. 

N=C-NH. 

I-    I 
Adenin  (6.  Aminopurin),  HC    C— NH.         =  QH5N5,  is  a  base 

II     II         ^CH 

N-C N^ 

closely  related  to  xanthin  in  composition,  and  was  first  obtained  from 
the  pancreatic  tissue.  It  is  said  to  have  been  found  in  the  urine.  A 
number  of  the  above-mentioned  compounds  occur  in  the  extract  of 
meat.  It  has  been  proved  that  the  chief  virtue  of  extract  of  meat  is 
in  the  stimulant  properties  of  these  bases. 

HN— C-O 

Guanin  (2.  Amino ;  6.  Ozypurin),  HNC    C— NH      -  C.ILN.O, 

HN— C— Ni:^^ 

is  found  in  Peruvian  guano,  and  in  small  quantities  in  the  aqueous  extract 
of  the  pancreas,  liver,  muscles,  and  many  of  the  products  of  the  action 
of  acids  upon  nuclein.  It  has  not  been  found  in  human  urine.  It  is  a 
white,  amorphous  powder,  insoluble  in  water,  alcohol,  ether,  and  ammonia. 
From  the  graphic  formulae  it  will  be  seen  that  guanin  is  apparently 
an  oxidation  product  of  adenin.  I'hey  may  both,  however,  be  derived 
directly  from  the  nucleins. 

HN-CO 

I  I 

Hypoxanthin  (Sarcin)(6.  Oxypurin) ,  HC    C— NHv        =  QH^N^O 

II  II  ^CH 

is  closely  related  to  guanin,  differing  from  it  in  having  lost  the  2.  amido- 
gen  >group.  It  is  ako  closely  related  to  xanthin,  with  which  it  usually 
occurs  in  the  urine.  It  forms  colorless,  microscopic  crystals,  which 
dissolve  in  1400  parts  of  water  at  15®  C.  (59®  F.)  and  in  70  parts  of 
hot  water.  It  combines  with  acids,  bases,  and  some  salts,  to  form 
crystalline  bodies.  At  a  boiling  temperature  an  ammoniacal  solution 
of  AgNOj  throws  down  a  precipitate  having  the  composition  C5H,- 
AgjN^O  .  H,0.     The  cold  precipitate  is  not  constant  in  composition. 

HN-CO 
I      I 
Xanthin  (2. 6.  Dioxypurin),  OC    C— NH        =  QH^N^,  was 

I     II     Vh 

HN-C-N^" 
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first  discovered  in  urinary  calculi  and  called  xanthic  oxide.  It  is  a  nor- 
mal, though  scanty,  constituent  of  urine,  muscle,  liver,  spleen,  thymus,  and 
brain  substance.  It  occurs  in  large  quantities,  together  with  hypoxan- 
thin,  in  '^  extract  of  meat,''  and  is  also  found  in  traces  in  certain  vege- 
table tissues.  In  nearly  all  cases  it  is  accompanied  by  hypoxanthin. 
It  may  be  prepared  from  extract  of  beef.  When  pure,  it  is  a  colorless 
powder,  almost  insoluble  in  water,  alcohol,  and  ether,  but  dissolves 
readily  in  diluted  acids  and  alkalies,  forming  crystallizable  compounds. 
Chloride  of  zinc  and  chloride  of  calcium  give  precipitates  with  xanthin 
in  ammoniacal  solution.  Copper  acetate  gives  a  yellowish-green  color 
in  hot  aqueous  solutions.  HgCl,  gives  a  precipitate  at  room  tempera- 
ture, even  in  very  dilute  solutions.  Silver  nitrate  gives  a  precipitate 
of  C^H^N^O,  .  AgO  in  rather  stiong  ammnfnifl/^l  solutions. 

NH-CO 

Uric  Acid  (2.  6.  8.  Trioxypurin),  CO    C— NHL         =C5H4N40,, 

NH-C-Nff 

b  a  common  constituent  of  urine  in  birds  and  reptiles,  and  occurs  spar- 
ingly in  this  secretion  in  men  and  most  mammals.  It  is  present  also 
in  the  spleen,  and  traces  have  been  found  in  various  other  tissues. 
It  sometimes  occurs  as  a  concretion  or  calculus  in  the  bladder  and 
kidneys.  In  gout,  accumulations  of  uric  acid  salts  deposit  in  certain 
tissues,  especially  about  the  joints.  When  pure,  it  is  a  colorless,  crys- 
talline, tasteless  powder  without  odor.  Its  crystalline  form  is  very 
variable,  the  shape  of  the  crystals  depending  upon  the  condition  of 
the  fluid  at  the  time  of  crystallization.  To  the  naked  eye  these  crystals, 
when  separated  from  the  urine,  always  appear  reddish  or  yellow  in 
color,  and  under  the  microscope  they  appear  to  be  colored  yellow  through- 
out. Uric  acid  is  remarkably  insoluble  in  water,  i  part  requiring 
15,000  parts  of  cold  water  and  1600  parts  of  boiling  water  to  effect 
solution.  It  is  insoluble  in  ether  and  alcohol.  H3SO4  dissolves  it 
in  the  cold,  without  decomposition,  as  do  also  many  of  the  alkaline 
salts  and  the  caustic  alkalies.  Anmionia,  however,  does  not  dissolve 
it^  It  is  fairly  soluble  in  glycerol,  and  to  some  extent  in  solutions 
of  lithium  carbonate.  It  occurs  in  the  urine  also  in  the  form  of  the 
neutral  and  acid  urates  of  sodium, — the  latter  of  which  appears  as 
a  sediment, — which  are  frequently  spoken  of  as  lithates.  The 
term  lithic  acid  is  sometimes  employed  instead  of  uric  acid.  In 
urine  that  has  undergone  alkaline  fermentation,  ammonium  urate  will 
frequently  be  found,  occurring  in  the  form  of  small,  brown,  nearly 
opaque  balls  with  radiating  spicules,  easily  seen  with  a  microscope 
of  moderate  p)ower.    The  amount  of  uric  acid  in  human  urine  is  very 
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small.  Pathologically,  it  is  found  in  considerable  quantities.  It  may 
be  prepared  from  human  urine  by  adding  from  two  to  three  per  cent 
of  strong  HCl,  and  allowing  the  solution  to  stand  for  twenty-four 
hours  in  a  cool  place.  The  crystals  form  on  the  sides  and  bottom 
of  the  containing  vessel,  and  may  be  filtered  out.  Commercially  it  is 
usually  prepared  from  guano.  It  is  obtained  by  boiling  with  i  part  of 
KOH  to  20  of  water,  as  long  as  NH,  is  evolved,  when  the  solution  is 
filtered.  On  cooling,  CO,  is  passed  through  the  solution,  when  the 
acid  urate  of  potassium  precipitates.  This  salt  b  dissolved  in  KOH 
and  carefidly  neutralized  with  HCl,  when  the  uric  acid  precipitates. 

For  methods  of  detection  and  estimation,  see  chapter  on  Urine. 

Uric  acid  contains  the  nucleus  of  two  molecules  of  urea^  and  is 
sometimes  regarded  as  a  diureid.  In  some  of  its  decompositions,  it 
yields  urea  as  one  of  its  products.  About  one-half  of  the  uric  acid 
produced  in  the  body  is  oxidized  to  urea  and  other  substances.  It  is 
derived  from  the  xanthin  bases,  and  these  are  derived  from  nuclein 
or  taken  with  foods. 

CaiAin,  dimethyl  uric  acid,  CjUJ^fif,  is  closely  allied  in  composition  to  the 
ahove  compounds.  It  occurs  in  extract  of  meat,  of  which  it  forms  'abput  one 
per  cent.  It  forms  in  white  masses  composed  of  very  irregular  crystals,  readily 
soluble  in  hot  water,  slightly  soluble  in  cold  water,  and  insoluble  in  alcohol  and 
ether.  It  unites  with  acids  and  salts  to  form  crystalline  compounds.  Carnin  may 
be  converted  into  hypoxanthin  by  treatment  with  chlorine  or  HNO„  or  still  more 
readily  by  bromine. 

M<i»hYl-Tf[ti»hitia— Mftthyl-Tunthin  HgteroTanthifi  (7.  Methyl-xanthin), 
Paraxanmin  (i.  7,  Dimethyl-xanthin),  JSpiguanin  (7.  Methyl-guanin),  and 
Episarcin  occur  almost  exclusively  in  urine,  and  probably  are  derived  from  the 
vegetable  purin  bodies,  mostly  from  tea,  coffee,  and  cocoa.  The  purin  bodies 
conUinedin  these  beverages  are  caffeine,  theobromine,  and  theophylline.  Methyl- 
xanthin  is  only  found  in  urine  after  taking  large  amounts  of  coffee  or  cocoa. 

C«iffeine,  theophylline,  and  theobromme,  described  among  the  vegetable 
alkaloids,  belong  to  the  xanthin  bases.  Their  relation  to  these  bases  will  be  seen 
from  their  graphic  formulae: 


CO 

\ 


NH— CO 

i-: 


NCH, 


NCH,— CO 

/  I 

CO  C—] 


\ 


NCH, 


CHJ^— CO 
CO  C— NH 


CH 


CHjN  — C— NiJJ^ 

3.  7.  Dimethyl-xanthiii, 
Tbeobromine. 


\ 


CH 


NCEL— C— Ni?^^ 

X.  3.  7.  Trimethyl-Tanthin, 

Caffdne. 


\ 


:CH 


X.  3.  Dimethyl-xantWn, 
Theophylline. 


TERFElfES  AND  CAMPHORS. 
The  terpenes  are  a  class  of  hydrocarbons  more  or  less  resembling 
turpentine  in  physical  properties.    Some  of  them  show  a  close  rela- 
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tionship  to  the  aromatic  hydrocarbons.  The  terpenes  are  isomers 
or  polymers  having  the  formula  (C,H8)„.  Those  having  the  formula 
C^  are  called  semiUrpenes;  those  having  the  formula  Cvfii^  true 
terpenes;  and  those  having  a  higher  polymeric  formula,  polyterpenes. 
These  hydrocarbons  are  unsaturated,  and  those  of  the  formula  Ciffl^ 
may  combine  with  either  one  or  two  molecules  of  the  haloid  hydracids, 
HCl,  HBr,  HI,  or  with  two  or  four  atoms  of  bromme,  showing  that 
their  molecules  contain  either  one  or  two  double-linked  carbon  atoms. 

Many  of  the  terpenes  form  characteristic  compounds  with  nitrous 
acid,  called  nitrosites,  C|^|oN203;  and  also  with  nitrosyl  chloride, 
NOCl,  called  nitroso-chlorides.  These  compounds  are  crystalline. 
Some  of  these  compoimds  form  crystalline  hydrates  with  water,  espe- 
cially in  the  presence  of  dilute  nitric  acid  and  alcohol,  such  as  terpin 
hydrate.  Some  of  them  polymerize,  when  heated  under  pressure,  or 
when  shaken  with  strong  H3SO4.  Many  of  them  are  optically  active, 
and  all  have  an  antiseptic  action.  The  camphors  are  solid,  crystal- 
line substances,  volatile  at  ordinary  temperatures.  They  sublime  and 
have  a  characteristic  odor.  Some  of  them  are  ketons,  while  others 
are  alcohols. 

PinenBy  CioHi,,  is  a  colorless,  transparent  liquid,  having  an  odor  re- 
sembling that  of  turpentine,  of  which  it  is  the  chief  constituent.  It  occurs 
in  many  other  essential  oils.  It  boils  at  155®  C.  (311*^  F.)  and  has  a 
sp.  gr.  of  0.858.  Pinene  is  found  in  two  active  forms.  The  dextro- 
compound  is  found  in  American  turpentine  and  the  levo-compound 
in  French  turpentine. 

Limonene,  CioHj,,  is  a  terpene  found  in  the  oil  of  lemons,  limes, 
citrons,  etc.  Like  pinene,  it  is  optically  active,  and  is  found  m  dextro- 
and  levo-forms. 

Dipentene,  C|oH|^  b  the  inactive  form,  and  is  found  in  several 
essential  oils  and  in  turpentine. 

Volatile  or  Essential  Oils.— Volatile  oils  are  those  approximate 
principles  to  which,  in  the  majority  of  cases,  the  odors  of  plants  are 
due.  They  are  extremely  variable  in  composition,  but  many  of  them 
are  composed  chiefly  of  the  terpenes.  The  principal  characteristics 
of  these  essential  oils  are  their  odors,  variations  in  the  rapidity  of 
oxidation,  and  physical  properties.  They  are  mostly  soluble  in  al- 
cohol, ether,  benzene,  petroleum  naphtha,  chloroform,  carbon  disul- 
phide,  paraffin,  other  volatile  oils,  and  in  the  fixed  oils.  They  may 
be  classified  as  follows: 

I.  Oils  consisting  chiefly  of  terpenes,  CjoHj^  and  their  oxidation 
products;  such  as  turpentine,  and  the  oils  of  lemon,  bergamot,  birch, 
chamomile,  caraway,  hops,  juniper,  myrtle,  nutmeg,  orange,  parsley, 
pepper,  savin,  thyme,  tolu,  and  valerian. 


446  MEDICAL  CHEMISTRY. 

2.  OUs  consisting  chiefly  of  sesqui-terpenes  or  cedrenes,  C^Hj^,  and 
their  oxidized  products;  such  as  the  oils  of  cedar,  cubebs,  cloves, 
rosewood,  calamus,  cascarilla,  and  patchouly. 

3.  Oils  consisting  chiefly  of  aromatic  aldehydes  and  aUied  bodies; 
such  as  the  oil  of  bitter  almonds  and  the  oil  of  cinnamon. 

4.  Oils  consisting  chiefly  of  ethereal  salts  or  esters;  such  as  the 
oil  of  wintergreen  or  the  oil  of  mustard. 

Some  of  the  more  important  oils  of  classes  three  and  four  are  described  in 
another  place.  The  volatile  oils  of  which  the  hydrocarbons  form  the  main  con- 
stituent, probably  originally  consisted  of  terpenes  or  cedrenes  only.  As  usually  met 
withi  ^ey  are  generally  mixtures  of  the  unchanged  hydrocarbons,  or  oleoptenes, 
with  the  solid,  oxidized,  camphorized  bodies  termed  stearoptenes.  We  frequently, 
also,  find  more  highly  oxidized  bodies,  called  resins.  On  cooling  the  crude  oil, 
the  stearoptenes  often  crystallize  out.  On  distilling  the  oils,  the  more  volatile 
hydrocarbon  first  passes  over,  and  may  thus  be  separated  from  the  oxidized  solid 
portions.  The  more  volatile  portion  of  the  distillate  may  be  wholly  freed  from  the 
oxidized  bodies  by  distilling  with  free  sodium,  and  thus  the  pure  hydrocarbon 
obtained. 

The  volatile  oils  of  plants  are  extracted: 

1.  By  pressure,  as  the  oils  of  laurel,  lemon,  orange,  bergamot,  etc. 

2.  By  distillation  with  water,  or  with  a  current  of  steam  passed  over  the  matter 
to  be  extracted.    The  latter  method  is  the  one  most  commonly  used. 

3.  By  first  fermenting  the  part  of  the  plant  to  be  extracted.  This  is  applied 
more  especially  to  certain  seeds,  as  the  mustard,  bitter  almond,  etc.  After  the 
fermentation,  the  oil  formed  is  separated  by  distilling  with  water. 

4.  By  solution  in  a  fixed  oil  devoid  of  odor,  such  as  poppy  oil,  oil  of  ben,  etc. 
The  essential  oils  are  usually  liqtiid  at  ordinary  temperatures,  but  deposit 

stearoptenes  or  camphors  at  low  temperatures.  They  have,  in  most  cases,  highly 
characteristic  odors,  and  a  few  have  boiling  points  which  are  somewhat  high. 
Some  volatilize  rapidly  at  ordinary  temperatures.  The  essential  oils  arc  usually 
colorless  or  yellow  when  freshly  prepared,  but  darken  on  exposure  to  air,  and  ulti- 
mately become  sticky  and  resinous.  Some  oils  have  a  well-marked  blue  color. 
Most  of  the  essential  oils  are  optically  active,  but  their  rotatory  powers  are  variable 
and  frequently  change.  The  sp.  gr.  of  essential  oils  ranges  usually  between  0.850 
and  0.990.  A  few,  however,  have  sp)ecific  gravities  outside  these  limits.  The 
oxygenated  and  sulphuretted  oils,  as  the  oil  of  bitter  almonds,  wintergreen,  mustard, 
etc.,  are  heavier  than  water. 

The  essential  oils  are  readily  combustible.  They  are  insoluble,  or  nearly  so, 
in  water,  the  water  taking  up,  however,  the  characteristic  smell  and  taste  of  the  oils. 
They  are  freely  soluble  in  alcohol,  but  are  mostly  precipitated  on  dilution  with  water. 
The  separation  is  rarely,  if  ever,  complete.  The  essential  oils  are  miscible  in  all 
proportions  with  the  fixed  oils.  Turpentine,  petroleum  ether,  and  carbon  disul- 
phide  being  insoluble  in  water,  the  essential  oils  may  be  separated  from  an  aqueous 
liquid  by  agitation  with  these  solvents. 

The  analjTsis  of  essential  oils  presents  great  difficulties.  They  are  liable  to 
adulteration  with  alcohol,  chloroform,  and  turpentine. 

Alcohol  in  essential  oils  may  be  detected  by  gradually  adding  dry  CaCl^  agitat- 
ing, and  warming  the  mixture  in  a  water-bath.  If  alcohol  is  present  in  larger 
proportions  than  mere  traces,  a  heavy,  liquid  layer  will  be  formed  at  the  bottom  of 
the  tube     Anilin  red  is  insoluble  in  essential  oils  if  pure  and  free  from  alcohol,  but 
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in  the  presence  of  a  small  proportion  of  alcohol  the  addition  of  anilin  red  colors  them 
a  deep  red. 

Chloroform  may  be  detected  by  dissolving  the  oil  in  alcohol  and  warming  the 
liquid  with  zinc  and  dilute  sulphuric  acid.  Water  is  added,  and  the  aqueous  hquid 
is  separated  and  tested  for  chlorides  with  AgNO,  and  HNO,.  The  precipitation 
of  AgCl  proves  the  presence  of  chloroform  in  the  oil. 

A  large  number  of  volatile  oils  are  employed  in  medicine  either  in 
a  pure  state  or  in  the  form  of  saturated  aqueous  solutions,  called 
medicated  waters.    Solutions  in  alcohol,  i  in  5,  are  termed  essences. 

Turpentine,  terebinthina  (U.  S.  P.,  Br.),  is  an  oleoresin  exud- 
ing from  several  .varieties  of  the  conifera  family,  notably  the  pines. 
It  is  a  yeUow,  opaque,  tough  mass,  brittle  when  cold,  and  having  a 
terebinthinate  odor  and  taste.  When  turpentine  is  distilled,  the  ter- 
penes  volatilize,  forming  oil  of  turpentine,  oleum  terebinthinse 
(U.  S.  P.),  or  spirits  of  turpentine,  while  rosin,  or  colophony, 
remains  in  the  still.  Oil  of  turpentine  is  a  mobile,  colorless  liquid, 
with  a  sp.  gr.  of  0.860  to  0.870  at  25®  C.  (77®  F.),  and  boiling  at  160^ 
C.  (320®  F.).  It  is  almost  insoluble  in  water,  but  dissolves  in  alcohol, 
ether,  and  glacial  acetic  acid.  It  dissolves  sulphur,  resins,  and  phos- 
phorus. It  absorbs  oxygen  from  the  air,  forming  a  resinous  body. 
The  absorbed  oxygen  is  converted  into  ozone,  and  this  explains  its 
oxidizing,  disinfectant,  and  antiseptic  action.  As  the  oxidation  of  tur- 
pentine takes  place  more  rapidly  when  mixed  with  lead  oxide,  this  oxide 
is  often  mixed  with  the  turpentine,  in  paints,  to  increase  the  rapidity 
of  drying.    It  readily  attacks  lead,  but  not  tin. 

A  paper  dipped  in  turpentine  and  introduced  into  a  jar  of  chlorine 
gas  inflames  spontaneously,  forming  chlorine  substitution  products. 
Iodine  and  bromine  have  a  similar  action  upon  it.  It  unites  directly 
with  HCl,  producing  several  chlorides. 

01.  terebinthinae  rectificatum  (U.  S.  P.)  is  prepared  by  shaking  the 
commercial  oil  with  an  equal  volume  of  solution  of  NaOH  and  distilling 
the  turpentine  out  of  the  mixture.    This  is  intended  for  internal  use. 

Sulphuric  acid  acts  violently  upon  turpentine,  and  yields  a  number 
of  isomeric  and  polymeric  derivatives.  After  standing  twenty-four  hours, 
the  mixture  separates  into  two  layers.  The  upper  layer  distils  at  about 
250®  C.  (482®  F.),  yielding  a  mobile  liquid,  which,  when  purified  by 
longer  contact  with  H2SO4,  and  then  with  a  solution  of  NaOH,  and  re- 
distilled, may  be  separated  into  terebene,  CjoH,q,  colophene,  and  several 
other  polymers.     These  compounds  are  used  in  medicine. 

Terebene,  terebenum  (U.  S.  P.),  has  a  fine,  thyme-like  odor, 
and  is  optically  inactive.  In  density  and  other  respects  it  much  re- 
sembles turpentine.  It  is  a  liquid  consisting  chiefly  of  pinene,  with 
small  quantities  of  terpinene  and  dipentene.    Terebene,  when  pure, 
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is  a  colorless  or  yellowish  oily  liquid.  It  is  readily  soluble  in  edier, 
less  so  in  alcohol,  and  almost  insoluble  in  water.  It  has  been  used  in 
medicine  as  an  expectorant,  in  doses  of  from  four  to  six  minims,  and 
also  as  a  local  remedy. 

Terpin  Hydrate,  Terpini  Hydras  (U.  S.  P.).— On  leaving  oil  of 
turpentine  in  contact  wjth  the  air  for  some  time,  it  gradually  changes 
into  terpin  hydrate,  C^^iOU)^ .  (HjO).  This  body  is  more  easily 
obtained  by  agitating,  for  a  day  or  two,  a  mixture  of  eight  parts  of  tur- 
pentine and  two  of  nitric  acid,  previously  diluted  with  alcohol.  Terpin 
hydrate  occurs  in  large,  rhombic  crystals.  It  is  easily  soluble  in  alcohol 
(id  parts),  slightly  soluble  in  water  (250  parts),  and  sparingly  so  in 
chloroform,  carbon  disulphide,  and  ether.  It  melts  at  116°  C,  gives  off 
water,  and  is  converted  into  anhydrous  terpin,  CioH,g(OH)2.  It  is  a  crys- 
talline body,  fusing  at  105®  C.  and  subliming  at  about  250°  C.  (480°  F.). 

It  rapidly  absorbs  water  to  form  terpin  hydrate,  which  behaves  like 
a  diatomic  alcohol.  It  is  dehydrated  by  PjO,  and  converted  into 
terebene  and  colophene.  It  b  employed  in  medicine  as  an  expecto- 
rant, in  doses  of  from  two  to  three  grains.  It  may  be  given  in  as  large 
doses  as  twenty  to  thirty  grains. 

Terpinol. — By  boiling  together  terpin  and  water,  acidulated  with  sulphuric 
acid,  terpinol  is  obtained.  It  may  be  formed  from  turpentine  by  leaving  it  in  con- 
tact with  concentrated  hydrochloric  acid,  or  by  passing  HCl  gas  through  a  solution 
of  terpin  in  alcohol  and  ether.  By  treating  the  resulting  terebinthine  dihydrochlo- 
ride  with  boiling  water,  or  with  a  solution  of  KOH,  it  decomposes,  with  the  forma- 
tion of  terpinol. 

Terpinol  occurs  as  a  colorless,  oily  liquid,  having  a  sp.  gr.  of  0.852,  and  with 
an  odor  resembling  rosamin  or  hyacinths.  Terpinol  is  not  a  single  body,  but  is 
said  to  be  a  mixture  of  terpinenCy  terpinolene,  and  dipentenet — ^all  having  the  formula 
CJELp, — and  an  alcohol  called  terpineol,  CioH„OH. 

Terpinol  is  soluble  in  alcohol  and  ether,  but  insoluble  in  water.  It  has  been 
employed  in  medicine  as  an  expectorant,  in  doses  of  from  10  to  15  minims  (600  to  900 
milligrams). 

THE  CAMPHORS. 

The  camphors  are  a  class  of  white,  odorous,  volatile  oxidation  prod- 
ucts, or  stearoptenes,  mostly  derived  from  the  terpenes.  Some  of 
them,  Japan  camphor,  and  carvol,  CioHi^O,  are  ketons,  while  most  of 
them  are  alcohols.    The  most  important  camphors  are  the  following: 

Common  Japan  camphor,  camphora  (U.  S.  P.,  Br.),  QoHjeO, 
,  is  obtained  in  China  and  Japan  by  distilling  the  branches  and  leaves 
of  Laurtis  camphora  with  water.  It  is  a  white,  translucent,  crystalline 
mass,  having  a  powerful,  peculiar,  pungent  odor  and  taste.  It  is  readily 
purified  by  sublimation  at  205®  C.  (401®  F.).  It  melts  at  175®  C- 
(347®  F.)  'and  biuns  with  a  smoky  flame.  Camphor  is  very  slighdy 
soluble  in  water,  but  readily  soluble  in  alcohol,  ether,  acetic  add, 
benzene,  chloroform,  carbon  disulphide,  fixed  and  essential  oils.    Aqua 
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camphorae  and  spiritus  camphors  are  official.  Camphor  enters 
into  the  com^sition  of  linimentum  camphoraei  linunentum  sa- 
poniSy  and  tinctura  opii  camphorata. 

Camphor  forms  a  large  niunber  of  decomposition  products  and 
derivatives  under  the  action  of  reagents,  but  we  shall  notice  but  two 
of  these.  Camphoric  acid,  acidmn  camphoricum  (U.  S.  P.),  C^Hi^- 
(COOH),,  is  a  colorless,  odorless,  crystaUine  solid,  obtained  by  the  oxi- 
dation of  camphor. 

Camphor  monobromidei  camphora  monobromata  (U.  S.  P.), 
C^^i^BrO,  is  prepared  by  adding  bromine  to  a  solution  of  camphor 
in  chloroform,  by  which  camphor  dibromide  is  obtained.  This  com- 
pound is  unstable,  and,  on  standing,  sets  free  hydrobromic  acid  and 
forms  monobromated  camphor,  which  crystallizes  in  colorless,  pris- 
matic needles  or  scales,  permanent  in  the  air,  having  a  mild,  cam- 
phoraceous  odor  and  taste  and  a  neutral  reaction.  Its  solvents  are 
essentially  the  same  as  those  of  camphor.  It  melts  at  76®  C.  (168.8** 
F.),  boils  at  ^74®  C.  (525®  F.),  and  is  volatilized  with  partial  decom- 
position.   It  is  used  as  a  sedative,  cardiac  stimulant,  etc. 

Bomeoli  or  Borneo  camphor,  has  the  formula  Ci^H^OH.  Iso- 
meric with  bomeol  are  Hnalool  and  geraniol. 

Menthol  (U.  S.  P.,  Br.),  or  menthyl  alcohol,  C^Jtl^O,  is  a  white, 
solid,  crystalline  body,  occurring  in  oil  of  peppermint  and  possessing 
a  strong  odor  of  this  plant.  It  melts  at  43®  C.  (109.4®  F.)  and  boik  at 
212®  C.  (413.6®  F.).    Menthol  is  soluble  in  alcohol  and  the  essential  qjIs. 

Thymol,  CjoH^O  (U.  S.  P.,  Br.),  is  a  stearoptene  of  oil  of  th)rme. 
It  is  also  found  in  the  oil  of  horsemint.  It  is  a  white,  crystalline  solid 
resembling  camphor.  It  is  nearly  insoluble  in  water,  but  soluble  in 
alcohol.  A  solution  of  four  grains  of  th)rmol  to  the  ounce  of  alcohol 
is  miscible  with  water  in  all  proportions.  It  is  an  excellent  antifer- 
mentative  (see  under  phenols). 

Linalool,  CiqHi^OH,  is  a  monatomic  alcohol  found  either  free,  or 
as  an  ether,  in  oU  of  lavender,  bergamot,  spike,  corian<|er,  and  lanalol. 
It  is  a  colorless,  fragrant  liquid,  of  sp.  gr.  0.878  and  boiling  at  197®  C. 
(386.6®  F.). 

Geraniol,  or  Citral,  C|oH|«0,  b  the  chief  constituent  of  Turkish 
geranium  oil,  and  is  found  in  oil  of  rose,  oil  of  citronella,  oil  of  laven- 
der, and  oil  of  eucalyptus.  It  is  a  colorless  liquid,  with  a  fragrant,  rose- 
like odor,  boiling  at  230®  C.  (446®  F.). 

Eocalyptol,  Cj^HigO,  is  a  colorless  liquid,  boiling  at  175®  C. 
(347®  F.)  and  possessing  an  aromatic  odor.  It  is  contained  in  the 
leaves  of  the  Eucalyptus  globulus^  a  tree  growing  in  Tasmania.  On 
account  of  its  supposed  effect  upon  miasmatic  atmospheres,  it  has 
been  cultivated  in  southern  Europe,  the  United  States,  and  northern 
30 
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Africa.  By  distilling  eucalyptol  with  phosphorus  pentachloride,  PCI5, 
eucalyptiJii  C^Hig  (according  to  some  authors,  CioHj^,  is  obtained. 
Eucalyptol  is  slightly  soluble  in  water,  but  soluble  in  alcohol.  The 
oil  ha^  feeble  antiseptic  properties,  and  has  been  used  in  bronchitis, 
cystitis,  and  in  intermittent  fever. 

Cantharidiiii  C10H12O4,  is  the  active  principle  of  cantharides,  or 
Spanish  fly,  and  of  other  vesicating  insects.  It  has  many  of  the  prop- 
erties of  camphor.  When  pur6,  it  forms  four-sided  prisms,  but  fre- 
quently deposits  in  scales  of  micaceous  appearance.  It  melts  at  about 
200°  C.  (392®  F.),  and  sublimes  in  white  flakes,  which  strongly  irri- 
tate the  eyes,  nose,  and  mouth,  and  condense  in  lustrous,  rectangular 
prisms.  Cantharidin  has  feeble  acid  properties.  It  is  insoluble  in 
water,  but  dissolves  in  caustic  alkalies  to  form  cantharidates. 

Caoutchouc,  or  india-rubber^  is  the  dried,  milky  juice  of  several 
tropical  trees  of  the  Hevea  species.  The  fresh  juice  is  acid.  It  is 
a  mixture  of  several  hydrocarbons  which  are  insoluble  in  alcohol  and 
water,  but  soluble  in  ether,  benzene,  chloroform,  carbon  disulphide, 
and  turpentine.  When  cold,  it  is  hard  and  tough,  but  on  heating  it  be- 
comes soft,  elastic,  and  Anally  melts,  and  on  cooling  remains  soft  and 
viscid.  It  is  much  used  in  making  elastic,  waterproof  fabrics,  elastic 
tubing,  etc.,  and  is  acted  upon  by  but  few  reagents.  The  black  color 
of  the  commercial  article  is  due  to  smoke  and  partial  decomposition. 

Caoutchouc  combines  with  sulphur.  Vulcanized  india-rubber  is 
obti^ined  by  mixing  it  intimately  with  sulphur,  by  the  aid  of  carbon 
disulphide,  to  the  extent  of  two  or  three  per  cent.,  and  afterward 
heating.  Common  white-rubber  goods,  as  rubber  tubing,  etc.,  are 
also  mixed  with  oxide  of  zinc  and  other  impurities  to  a  very  large 
extent,  in  some  cases  but  a  small  percentage  of  rubber  being  used. 
When  mixed  with  about  half  its  weight  of  sulphur,  a  hard,  homy 
mass  called  vulcanite,  or  ebonite,  is  produced,  which  is  used  in 
the  manufacture  of  combs,  cheap  jewelry,  etc.  When  heated,  caout- 
chouc decomposes,  but  does  not  volatilize. 

Gutta-percha  is  the  hardened,  milky  juice  of  Isonandra  gtiUa,  a 
tree  growing  in  some  parts  of  India.  It  resembles  caoutchouc,  but 
is  harder  and  less  elastic.  In  hot  water  it  becomes  quite  soft,  and 
can  be  molded  into  any  shap>e,  which  it  retains  on  cooling.  With 
solvents  and  high  temperatures  it  behaves  like  caoutchouc. 

RESINS,  OLEORESmS,  GUM-RESINS,  BALSAMa 
Many  of  the  bodies  of  the  terpene  and  essential-oil  series  above 
mentioned,  when  exposed  to  the  air,  undergo  a  process  of  oxidation 
or  hardening,  become  viscid  or  solid,  and  exhibit  an  acid  reaction. 

Such  bodies,  when  brittle  and  solid,  are  called  resins;  when  com- 
posed of  unoxidized  oils  mixed  with  resins,  they  are  called  oleoresins; 
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when  the  resins  exist  in  the  juices  of  plants  mixed  with  gum,  sugar^ 
etc.,  they  are  called  gum-resins.  Each  one  of  these  is  generally 
a  mixture  of  several  bodies,  and,  therefore,  no  definite  chemicat 
formulae  can  be  given.  They  are  insoluble  in  water,  but  soluble  in 
strong  alcohol,  turpentine,  and  glycerol;  many  are  soluble  in  ether 
and  benzene  (separation  from  gums);  many  are  weak  acids,  whose 
alkaline  salts  form  the  resin  soaps  of  the  market.  Many  resins  are 
used  in  medicine,  in  the  manufacture  of  varnishes,  sealing  wax,  and 
salves.    The  resins  are  soluble  in  alcohol. 

The  resins  soften  when  heated,  but  do  not  vaporize.  The  separa- 
tion of  resins  from  volatile  oils  and  acids  b  effected  by  distillation 
with  water;  from  gums,  by  fusion  and  straining  at  loo^  C.  (212*^ 
F.) ;  from  each  other,  as  well  as  from  foreign  substances,  by  properly 
selected  solvents. 

The  following  substances  are. classed  as  resins: 

Amber,  colophony  (rosin),  copal  (anime),  dammar,  lac.  Burgundy 
pitch,  mastic,  and  sandarac,  which  are  used  in  the  arts  for  nmking 
varnish,  and  for  other  purposes. 

The  following  are  some  of  the  resinous  substances  used  in  medi- 
cine: Amicin,  from  arnica  flowers;  castoriny  from  castoreum; 
cannabin,  from  Cannabis  indica;  dragon's  blood,  an  exudation 
from  the  fruit  of  Calamus  draco;  elemi,  a  resin  from  Central  Amer- 
ica, an  exudation  from  the  Amyris  eUmifera;  a  resin  found  in  ergot 
of  rye;  guaiacum,  an  exudation  from  the  wood  of  the  Guaiacum 
officinale;  jalap,  the  resin  of  jalap  root;  labdanum,  an  exudation 
from  the  bark  of  several  varieties  of  the  Cisius,  grown  in  Greece; 
podophyllin,  from  the  May  apple  root;  pjrrethrum,  from  pellitory 
root;  and  rottlerin,  from  the  kamala,  a  shrub  grown  in  the  East  Indies. 

Gum-dammar  is  the  exuded  and  hardened  sap  of  the  Dammara 
oricntalis,  a  coniferous  tree  growing  in  the  East  Indies,  Australia,  and 
New  Zealand.    It  is  also  used  in  the  manufacture  of  varnish. 

Gum-lac  is  a  resinous  incrustation  produced  on  the  bark  of  the  twigs 
of  various  tropical  trees  by  the  puncture  of  the  "lac  insect."  This 
•crude  gum  is  called  "stick  lac"  in  commerce.  Shell-lac,  or  shellac, 
is  formed  by  melting,  straining,  and  drying  it  in  thin  sheets. 

In  the  preparation  of  shellac  the  coloring  matter  is  separated,  and 
is  sold  under  the  name  of  lac  dye. 

Shellac  is  easily  soluble  in  alcohol.  It  is  used  extensively  in  the 
manufacture  of  varnish,  lacquers,  sealing-wax,  etc. 

Mastic  is  an  exudation  from  the  bark  of  certain  trees  found  in 
the  island  of  Chios  in  the  Mediterranean.  It  occurs  in  pale-yellow, 
transparent,  brittle  tears,  soluble  in  alcohol  and  turpentine,  and  is 
used  for  making  varnish.  It  is  official,  and  enters  into  pilulae  aloes 
et  mastiches. 
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Guaiacum  is  a  brittle,  pulverizable  solid,  of  a  reddish-brown 
color.  The  gum  dissolves  in  alcohol.  It  readily  undergoes  oxidation, 
producing  bright  colors.  A  mixture  of  the  official  tincture  and  oil  of 
turpentine  is  frequently  employed  as  a  reagent  for  detecting  blood  in 
urine,  with  which  it  strikes  a  blue  color. 

Only  the  most  common  resins  can  be  described. 

Common  resin,  rosini  colophony^  resina  (U.  S.  P.),  is  the 
residue  left  by  distUling  the  balsam  or  crude  turpentine  of  the  pine 
with  water.  Turpentine  distils  off  and  leaves  a  yellow  or  brown, 
brittle,  shining  mass,  which,  when  melted,  forms  the  commercial  rosin. 
It  usually  has  a  sp.  gr.  of  about  1.04  to  i.io.  It  is  nearly  tasteless, 
but  leaves  a  characteristic  nauseous  after-taste.  It  is  insoluble  in 
water,  but  is  soluble  in  alcohol,  ether,  chloroform,  and  in  the  fixed 
and  volatile  oils.  It  is  soluble  in  caustic,  and  even  in  carbonated 
alkalies,  forming  soaps  soluble  in  water.  Colophony  is  composed 
chiefly  of  several  resin  acids,  the  chief  of  which  is  abietic  acid,  C44- 
H^O^.    Sylvic  acid,  CjoHjoO,,  exists  in  small  quantities. 

It  may  be  detected  in  mixtures  by  boiling  5  gm.  of  the  mixture 
with  3o  c.c.  of  pure  nitric  acid,  diluting  when  cold  with  an  equal  vol- 
ume of  water,  and  adding  ammonia.  If  rosin  be  present,  a  blood-red 
solution  is  produced.  Rosin  is  used  in  the  manufacture  of  varnishes, 
sealing-wax,  lamp-black,  the  common  yellow  soaps,  cerates,  and  plasters. 

Copal|  or  animei  is  a  yellow,  hard,  brittle,  more  or  less  transpa- 
rent solid,  found  on  the  coast  of  Africa,  where  it  is  dug  out  of  the  soC 
by  the  natives.  It  is  a  fossil  resin  of  recent  origin.  It  is  very  hard, 
and  soluble  with  great  difficulty  in  alcohol  and  essential  oils.  It  makes 
the  best  resin  varnishes. 

Amber  is  also  a  fossil  resin,  found  on  the  shores  of  the  Baltic  in 
Prussia.  It  is  a  very  hard,  tough,  and  transparent  or  translucent 
yellow  solid.  It  b  used  for  making  beads,  mouthpieces  of  pipes, 
and  for  the  manufacture  of  superior  varnish. 

Oleoresins  are  mixtures  consisting  of  an  oil,  either  fixed  or  vola- 
tile, holding  resin  and  sometimes  other  substances  in  solution.  They 
are  generally  soluble  in  ether,  and  on  evaporation  of  the  ether  they 
are  left  in  a  semifluid  state.  On  distillation  they  yield  an  oil,  while 
the  resin  is  left  behind. 

The  best-known  oleoresins  are  the  oleoresins  of  aspidium  (male 
fern),  capsicum,  cubeb,  copaiba,  lupulin,  pepper,  ginger,  frankin- 
cense, Canada  balsam,  and  Canada  pitch.  They  are  usually  extracted 
from  the  plants  with  ethylic  ether,  using  150  parts  of  ether  for  100 
parts  of  the  plant.  (U.  S.  P.  method.)  The  ether  is  then  distilled 
off  and  the  oleoresin  kept  in  a  well-stoppered  bottle. 

The  principal  gum-resins  are  aloes,  ammoniacum,  asafetida, 
myrrh,  scammony,  gamboge,  galbanum,  olibanum,  and  euphorbium. 
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All  but  the  last  are  official.  They  occur  in  commerce  mostly  as  com- 
pact masses  of  a  yellow  or  brown  color,  composed  of  tears  glued  to- 
gether into  a  hardened,  gummy  mass. 

They  are  usually  brittle  enough  to  be  pulverized,  and  are  partly 
soluble  in  alcohol  or  ether.  When  rubbed  with  water  in  a  mortar, 
they  form  milk-white  emulsions.  The  most  of  them  are  soluble  in 
caustic  alkalies. 

Gum-benzoin,  benzoinum  (U.  S.  P.),  is  a  balsamic  resin,  and 
occurs  as  rectangular  blocks,  which  consist  of  milk-white  tears  agglu- 
tinated by  a  brown  resin.  It  has  a  pleasant,  balsamic  odor/  and 
is  soluble  in  alcohol,  forming  tincture  of  benzoin.  It  contains  from 
twelve  to  twenty  per  cent,  of  benzoic  acid,  which  can  be  sublimed 
6rom  it  by  a  gentle  heat.  It  usually  contains  a  small  quantity  of  cin- 
namic  acid  and  sometimes  vanillin.    It  contains  several  resins. 

The  chief  balsams  are  balsams  of  Peru,  storax,  and  tolu. 

Balsams  of  Peru,  storax,  and  tolu  contain  cinnamic  ethers,  resinous 
matter,  and  volatile  oils.  Benzoic  acid  is  found  in  balsams  of  Peru 
and  tolu. 

They  are  all  soluble  in  alcohol. 
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The  most  of  these  bases  may  be  regarded  as  aromatic  hydrocarbons, 
in  which  one  nitrogen  atom  has  taken  the  place  of  the  triad  group 
CH'". 

The  following  graphic  formulae  will  show  the  relatbn  of  these  bases 
to  the  corresponding  l\ydrocarboiis: 
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The  Pyridin  Bases.— These  artificial  bases  are  produced  by  the 
decomposition  of  bone-gelatin,  or  ossein,  in  the  destructive  distilla- 
tion of  bones.  They  form  a  series  of  homologous  bases  which  have 
received  the  name  of  pyridin  bases.  Some  of  them  have  also  been 
found  in  coal-tar.  They  are  liquids  of  a  disagreeable,  pungent,  tarry 
odor,  and  belong  to  the  tertiary  monamins.  They  may  be  extracted 
from  the  offensive  oil  known  as  DippePs  oil,  obtamed  irom  the  distil- 
lation of  bones.  On  shaking  the  oil  with  HjSO^,  sulphates  of  the  bases 
are  produced  which  dissolve  in  water.  The  bases  may  be  separated 
again  on  adding  potash  or  soda.  They  are  separated  from  one  another 
by  fractional  distillation.  The  pyridin  bases  are  often  present  in  com- 
mercial ammonia.  Their  names,  formulae,  and  boiling  points  are  as 
follows: 

Boiling  Points.  Boiling  Points. 

Pyridin,     C.H,N,  ii5<»C.  (239<»F.)  Parvolin,    C^^,    i88<»  C.  (370.4**  F.) 

Picolin,      CeH^N,  i33<»C.  (27i<»  F.)  Coridin,     C^oHj^,  2ii<»C.  (4ii.8«F.) 

Lcutidin,   QHiN,  154'' C.  (309**  F.)  Rubidin,    CnH^N,  230**  C.  (446**    F.) 

ColUdin,    CgH^N,  lyo'^C.  (338«»F.)  Viridin,      C^^N,  isi"" C,  (4^3.8'' F.) 

• 

Pyridin  is  found  in  coal-tar  and  also  in  DippePs  oil,  and  is  also 
obtained  synthetically  from  piperidin,  which  is  itself  derived  from* 
black  and  white  pepper.  It  may  be  prepared  synthetically  by  a  num- 
ber of  reactions.  It  is  a  colorless  liquid  with  a  tarry  odor  and  pun- 
gent taste.  It  is  miscible  with  water  in  all  proportions,  and  is  hygro- 
scopic. It  forms  salts  with  acids  by  direct  addition,  like  the  alkaloids; 
and,  indeed,  many  of  the  alkaloids  are  believed  to  be  salts  of  this  base. 
It  has  been  employed  in  medicine,  in  3-  to  4-drop  doses,  as  a  heart 
stimulant.  It  has  been  used  as  a  local  application  in  diphtheria,  and, 
by  evaporation  into  the  air,  in  the  treatment  of  asthma.  For  medicinal 
uses,  it  should  not  be  altered  by  exposure  to  light.  Pyridin  bases  occur 
in  tobacco-smoke. 

Pyrrol,  C4H5N,  is  a  weak  liquid  base  occurring  in  coal-tar  and  in  Dip- 
pel's  oil,  from  which  it  may  be  extracted  by  shaking  with  sulphuric  acid 
and  distilling  from  the  sulphate  with  a  stronger  base.  It  resembles  ben- 
zene in  properties.    It  is  a  cyclic  compound  containing  but  four  car^ 
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HC=CH 

bon  atoms.       |         >NH.     It  possesses  an  odor  similar  to  that  of 

HC=CH 
chloroform.    By  the  action  of  the  ethereal  salts  of  iodine  upon  pyrrol, 

IC  =  CI 
a  tetra-iodo-pyrrol,      |         >NH,  is  obtained.    This  compound  is 

IC  =  CI 
used  in  medicine  under  the  name  of  iodol,  iodolum  (U.  S.  P.). 

lodol  occurs  as  a  grayish-brown,  odorless,  tasteless  powder.  It  is 
of  a  light-yellow  color  when  pure,  and  is  more  or.  less  crystalline.  It 
decomposes  between  140''  and  isq""  C.  (284''  and  302®  F.)  and  evolves 
iodine  vapors.  It  is  soluble  in  alcohol  and  ether,  but  is  sparingly  so 
in  water. 

Homologues  of  Pyridin. — ^Three  isomeric  methyl-pyridins  are 
known  under  the  name  of  picolinSy  and  are  found  in  coal-tar.  ^9- 
methyl-pyridin  may  be  prepared  by  distilling  strychnine  with  lime. 
It  is  a  liquid  of  unpleasant  pungent  odor.  Dimethyl-pyridin,  CjHj- 
(CH,),N;  trimethyl-pyridin,  C^H^(CU;)^;  ethyl-pyridin,  QH^- 
(C3l5)N,  and  propyl-pyridin,  C^li^{CJtij)'Sy  are  also  known. 
Pyridin,  like  benzene,  is  capable  of  taking  up  six  more  hydrogen 
atoms,  forming  hexahydro-pyridin,  or  piperidin,  CjHuN,  a  color- 
less liquid  having  a  peculiar,  peppery  odor.  It  is  a  strong  base  and 
forms  a  series  of  crystalline  salts.  Piperidin  may  be  obtained,  along 
with  piperic  acid|  by  treating  piperine  from  pepper  with  an  alcoholic 
solution  of  KOH. 

Coniiney  CeHio(CaH7)N,  is  propyl-piperidin.  Nicotine  is  formed 
from  one  molecule  of  pyridin  and  one  of  pyrrol. 

The  foUowing  graphic  formulae  show  the  relation  between  pyridin, 
piperidin,  coniine,  and  nicotine: 
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Quinolin  Bases. — These  are  compounds  which  are  generally 
derived  from  coal-tar,  and  are  closely  related  to  naphthalene.  Bases 
similar  to  and  isomeric  with  a  few  of  these  have  been  obtained  by 
the  distillation  of  some  of  the  alkaloids  with  potassium  hydroxide. 
Quinolin,  or  chinolin,  C9H7N,  has  been  prepared  both  from  the  alka- 
loids and  from  coal-tar.  It  has  been  prepared  by  the  action  of  H^04 
and  nitrobenzene  upon  anilin  and  glycerol.  The  mixture  is  heated  to 
130®  C.  (266®  F.),  the  heat  removed  when  reaction  begins,  and  then 
heated  again  for  three  hours,  and  finally  distilled  with  lime.  Quinolin 
distils  over  with  anilin,  from  which  it  may  be  separated  by  fractional 
distillation.  It  may  also  be  obtain^  by  distilling  quinine  with  an 
alkali.  When  pure,  quinolin,  or  chmolin,  is  a  colorless  liquid,  with 
a  characteristic,  aromatic,  pungent  odor,  of  sp.  gr.  1.0S4.  It  is  freely 
soluble  in  alcohol,  ether,  chloroform,  and  hot  water.  It  is  insoluble, 
or  only  slightly  soluble,  in  cold  water.  It  has  been  employed  as  an 
antiseptic  and  antizymotic,  and  as  an  antipyretic.  For  internal  use 
a  tartrate,  salicylate,  tannate,  bisulphate,  and  hydrochlorate  have 
been  recommended.  When  quinolin  is  treated  with  HjSO^,  it  yields 
a  sulphonic  acid.  When  this  is  treated  with  nascent  hydrogen,  and 
the  resulting  product  with  methyl-iodide,  the  body  C9H^(OCHj)  or 
C10H9NO,  methylHDzyquinolin,  is  produced.  This  substance  closely 
resembles  quinine,  CjJHmN^Oj.  Quinolin  forms  substitution  products 
and  hydrogen  addition  products. 

A  number  of  derivatives  of  the  oxyquinolins  have  found  use  in 
medicine.  These  are  kairin,  CA(OH)NCjH,;  kairolin,  QHg- 
(CH,)(OH)NH;  and  thallin,  C;H,(0CH,)NH.  Analgen,  CgHj- 
(OCjisXNHCOCeiyN,  is  also  used  in  medicine.  All  these  com- 
pounds have  been  used  as  antipyretics.  Isoquinolin,  C^H^N,  is  a 
colorless  liquid  above  21®  C.  (70®  F.)  found  in  coal-tar.  It  boils  at 
237®  C.  (458.6®  F.)  and  resembles  quinolin  m  most  of  its  properties. 

•  NATURAL  ORGAiaC  BASES,  OR  ALKALOIDS. 

Many  plants,  and  especially  those  having  medicinal  and  poisonous 
properties,  contain  basic  principles  or  compounds  containing  nitrogen, 
which  are  called  alkaloids.  Some  are  volatile,  while  others  decom- 
pose when  heated.  Most  of  them  resemble  the  amins  in  properties, 
while  some  correspond  more  nearly  to  the  ammonium  compounds. 
The  alkaloids  may  be  divided  into  the  following  five  groups:  The 
pjrridin  group,  the  quinolin  group,  the  isoquinolin  group,  the 
purin  group,  and  a  fifth  group  of  those  of  unknown  constitution. 
Most  alkaloids  are  sparingly  soluble  in  water,  and  more  freely  in 
alcohol,  the  solutions  having  a  weak,  alkaline  reaction  and  bitter 
taste.     They  combine  directly  with  acids,  forming  crystalline  salts,. 
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which  are  generally  soluble  in  water.  Their  hydrochlorides  form 
crystalline  double  salts  with  the  chlorides  of  gold,  platinum,  mercury, 
etc.  Most  of  them  are  precipitated  by  solutions  of  tannin,  the  double 
iodide  of  potassium  and  mercury,  the  double  iodide  of  potassium 
and  cadmium,  and  double  iodide  of  potassium  and  bismuth;  by  phos- 
phomolybdic,  phospho-antimonic,  phosphotungstic,  and  picric  acids, 
and  by  a  solution  of  iodine  in  potassium  iodide  or  hydriodic  acid. 
These  reagents  are,  therefore,  used  to  separate  the  alkaloids  from 
other  substances  found  with  them.  By  treating  these  precipitates 
with  an  alkaline  hydroxide,  the  bases  are  separate.  They  may  then 
be  dissolved  out  from  other  substances  with  alcohol. 

General  Properties  of  the  Katural  Alkaloids. — ^The  true  vege- 
table alkaloids,  or  plant  bases,  are  very  numerous.  Many  of  them 
are  imperfectly  known,  while  others  have  been  studied  very  com- 
pletely. The  alkaloids  are  generally  found  in  ail  parts  of  plants, 
though  in  some  cases  they  are  restricted  to  certain  portions.  The 
vegetable  alkaloids  are  in  many  cases  intensely  poisonous,  while  others, 
as  the  alkaloids  of  coffee,  cocoa,  and  cinchona,  produce  character- 
istic physiological  effects,  but  are  not  actively  poisonous.  They  gen- 
erally have  a  bitter  taste,  are  optically  active,  and  generally  levo- 
rotatory.  Most  of  them  are  solid  at  ordinary  temperatures.  The  non- 
oxygenized,  volatile  bases  are  liquids.  The  volatile,  liquid  alkaloids 
are  coniine,  lobeline,  nicotine,  piperidine,  piturine,  and  sparteine. 
The  alkaloids  are  alkaline  in  reaction.  They  unite  with  acids  to  perfect 
neutrality,  and  form  well-defined,  crystallizable  salts.  In  some  cases 
the  basic  character  is  feeble,  and  even  the  salts  with  the  stronger  acids 
are  easily  decomposed.  As  a  rule,  the  vegetable  alkaloids,  except 
the  volatile  bases,  are  sparingly  soluble  in  water,  and  are,  therefore, 
usually  precipitated  by  the  addition  of  a  solution  of  a  base  to  a  solu- 
tion of  their  salts.  They  are  all  readily  dissolved  by  alcohol,  except 
rheadine  and  pseudomorphine. 

The  salts  of  the  alkaloids  are  generally  more  soluble  in  water  than 
the  bases  themselves,  and,  as  a  rule,  are  soluble  in  alcohol.  As  a  rule, 
the  alkaloids  form  a  class  of  double  salts — i.  e.,  chloro-platinates,  mercur- 
iodides,  etc. — ^with  platinic  chloride  and  mercuric  iodide.  Immiscible 
solvents,  such  as  chloroform,  amyl-alcohol,  ether,  benzene,  and  bisul- 
phide of  carbon,  differ  considerably  in  their  solvent  powers  for  alka- 
loids and  alkaloidal  salts. 

Nomenclature  of  Alkaloids. — While  there  is  a  great  deal  to  be 
said  in  favor  of  the  reform  in  spelling  of  many  chemical  terms,  and 
while  we  have  adopted  the  practice  of  dropping  the  final  e  in  the  arti- 
ficial bases,  amids,  amins,  etc.,  we  shall  retain  the  final  e  in  the  spell- 
ing of  the  names  of  the  vegetable  alkaloids.    The  alkaloids,  being 
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very  active  and  frequently  poisonous  substances,  should  be  sharply  dis- 
tinguished from  the  glucosides  and  bitter  principles,  and  from  the  very 
numerous  synthetical  substances  recently  introduced  into  medicine. 
This  distinction,  which  has  existed  for  years,  and  which  is  well  fixed 
in  the  minds  of  a  large  proportion  of  the  physicians  and  pharmacists  of 
all  English-speaking  countries,  and  preserved  by  the  U.  S.  P.  and  Br. 
P.,  will  be  preserved  by  retaining  the  final  e.  Thus,  we  shall  use  mor- 
phine  instead  of  morphin,  and  quinine  instead  of  quinin. 

General  Reagents  for  Precipitating  Alkaloids.— Alkaloids,  as  a  class,  give 
precipitates  with  a  considerable  number  of  reagents  which  precipitate  protdds,  such 
as  tannin,  phosphotungstic,  phosphomolybdic,  and  picric  acids,  etc.  Of  these  pre- 
dpitants,  the  most  generally  used  are  a  solution  of  I  in  KI  solution,  a  solution  of 
phosphomolybdic  acid  (Sonnenschein's  reagent),  and  a  solution  of  the  double 
iodide  of  mercury  and  potassium  (Mayer's  reagent).  With  the  exception  of  tannin, 
which  should  be  employed  in  neutral  or  slightly  alkaline  solution,  the  predpitants 
of  alkaloids  are  usually  added  to  the  solution  slightly  acidulated  with  H^O^  or 
acetic  acid. 

Mayer's  reagent  is  made  by  dissolving  13.546  am.  of  mercuric  chloride  and 
49.8  gm.  potassium  iodide  in  1000  c.c.  of  water.  This  solution  precipitates  all 
alkaloids,  forming  white  or  yellowish-white,  crystalline  compounds  of  dennite  com- 
position, for  which  reason  this  solution  is  used  for  the  volumetric  estimation  of 
alkaloids. 

Phon>homolybdic  acid,  mentioned  above  as  a  reagent  for  alkaloids,  is  pre- 
pared as  follows:  Dissolve  15  gm.  ammomum  molybdate  in  a  little  ammonia  water 
and  add  water  to  make  100  c.c.  This  solution  is  poured  into  100  c.c.  of  strong  nitric 
add,  and  this  mixture  is  added  to  a  warm  five  per  cent,  solution  of  sodium  phosphate, 
as  long  as  a  predpitate  forms.  The  predpitate  is  collected  on  a  filter,  washed, 
dissolved  in  a  very  little  NaOH  solution,  and  evaporated  to  dryness,  or  heated, 
until  all  NH,  escapes.  The  residue  is  to  be  dissolved  in  about  10  parts  of  water,^ 
and  enough  HNO,  added  to  redissolve  the  predpitate  which  at  first  forms.  This 
reagent  gives  precipitates  not  only  with  alkaloids,  but  also  with  salts  of  ammonium. 

Both  of  these  reagents,  while  being  delicate  tests  for  alkaloids,  predpitate 
albuminous  and  other  matter  not  alkaloidal  in  nature. 

Picric  acid  is  employed  as  a  saturated  aqueous  solution.  It  is  very  suitable  for 
precipitating  the  dnchona  bases  and  emetine,  berberine^nd  veratrine. 

Iodine  dissolved  in  a  solution  of  potassium  iodide  (Wagner's  reagent)  yields 
red  or  reddish-brown  precipitates  with  nearly  all  alkaloids,  even  in  very  dilute  solu- 
tions. The  precipitates  form  more  readily  in  solutions  rendered  slightly  add  with 
HjSO^.  Excess  of  the  reagent  should  be  avoided.  This  test  is  so  generally  suc- 
cessful in  precipitating  alkaloids,  that  a  negative  reaction  is  conclusive  proof  of  the 
absence  of  ordinary  alkaloids,  although  precipitation  is  not  absolute  proof  of  the 
presence  of  an  alkaloid.  In  alcoholic  solutions  the  precipitates  are  deposited  slowly, 
sometimes  not  at  all,  owing  to  their  solubility  in  alcohol.  The  strength  may  vary 
within  wide  limits.  A  solution  containing  20  gm.  of  iodine  and  50  gm.  of  potassium 
iodide  per  liter  is  about  the  right  strength. 

Marme's  reagent  is  a  solution  of  the  double  iodide  of  potassium  and  cadmium. 
It  is  employed  in  solutions  acidulated  with  HJSO4,  and  gives  characteristic  precipi- 
tates with  many  of  the  alkaloids. 

Dragendom's  reagent,  the  double  iodide  of  potassium  and  bismuth,  is 
made  by  saturating  a  hot,  concentrated  solution  of  potassium  iodide  with  bismuth 
iodide,  and  then  adding  an  equal  volume  of  a  cold,  saturated  solution  of  potassium 
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iodide.  It  can  not  be  diluted,  but  is  applicable  to  solutions  of  alkaloids  strongly 
acidulated  with  H^O^. 

Platinic  chloride  and  auric  chloride  are  frequently  employed  to  precipitate 
alkaloids  and  to  distinguish  them  from  other  bitter  principles.  Platinic  precipitates 
have  a  yellow  or  yellowish-red  color.  The  gold  precipitates  of  a  number  of  the 
alkaloids  blacken,  by  reduction,  on  standing. 

Color-reactions. — Many  of  the  alkaloids  give  characteristic  colors,  when  in 
the  pure  state,  by  treatment  with  certain  reagents.  These  color-reactions  are  sub- 
ject to  variations,  due  to  slight  impurities,  concentration,  temperature,  and  time 
of  contact  Color-reactions  are,  therefore,  confirmatory  rather  than  conclusive,  and 
should  always  be  confirmed  by  control  tests  upon  a  portion  known  to  be  the  alkaloid 
in  question.  The  reagents  that  are  employed  to  give  color-tests  are:  (i)  Con- 
centrated sulphuric  add  ;  (2)  Frbhde's  reagent,  concentrated  sulphuric  acid, 
containing  molybdic  acid  (i  mgm.  molvbdic  acid  to  i  c.c.  H^OJ;  (3)  nitric  acid, 
sp.gr.  1.40  to  1.42;  (4)  sulphuric  add,  followed  by  a  minute  quantity  of  HNO. 
or&NO,;  (O  stilphuric  add  and  cane-sugar.  The  dry  subsunce  to  be  tested 
is  mixed  with  six  parts  of  cane-sugar  and  a  few  miUigrams  of  the  mixture  placed 
upon  a  drop  or  two  of  pure  H^O^  on  a  white  plate. 

The  colors  given  by  a  number  of  the  most  important  alkaloids,  with  some  of 
these  reagents,  will  be  found  in  a  table  on  pages  460-462. 

Separation  of  Alkaloids. — The  vegetable  substance,  the  seed, 
bark,  or  leaf,  is  first  disintegrated  and  extracted  thoroughly  with 
slightly  acidulated  water,  which  dissolves  out  the  alkaloidal  salt.  This 
is  then  treated  by  a  special  process  for  each  alkaloid.  The  volatile 
alkaloids  are  recovered  from  the  solution,  after  the  addition  of  an 
alkali,  by  distillation.  Non-volatile  alkaloids  may  be  precipitated 
from  an  acid  solution  by  an  alkali,  and  the  impure  base  thus  obtained 
may  be  filtered  out  and  dissolved  in  acids,  and  purified  by  recrystal- 
lization.  Or,  the  precipitated  alkaloids  may  be  dissolved  in  alcohol, 
in  which  they  are  generally  soluble,  and  the  alcohol  evaporated  oflF. 
In  some  cases  alcohol  is  employed  for  the  extraction  of  alkaloids,  as 
most  of  the  alkaloids  and  alkaloidal  salts  are  soluble  in  alcohol. 

The  separation  and  detection  of  alkaloids  in  organic  mixtures,  es- 
pecially when  present  in  small  quantities,  require  an  expenditure  of 
considerable  time  and  patience.  When  it  is  undertaken  in  toxico- 
logical  examinations,  it  should  only  be  by  an  exp)ert  who  has  made 
himself  thoroughly  familiar  with  the  minutest  details  of  the  work.  It 
should  not  be  undertaken  by  any  one  without  an  adequate  feeling  of 
his  responsibility.  The  general  method  employed  in  such  cases  is, 
in  outline,  as  follows: 

First.  The  substance  to  be  examined  is  properly  divided,  or  disintegrated,  and 
digested  at  about  from  40°  to  50°  C.  (104®  to  122°  F.),  with  water  slightly  acidulated 
with  HjSO^.  After  this  digestion  the  solution  is  filtered  and  the  filtrate  evaporated 
over  a  water-bath  to  a  thin  syrup.  This  is  then  mixed  with  alcohol  and  digested  for 
several  hours  at  about  30°  to  40**  C.  (86**  to  104**  F.),  cooled,  filtered,  and  again 
evaporated  nearly  to  dryness.  The  alkaloids  will  be  found  in  this  residue  as  sul- 
phates.    A  small  quantity  of  water  is  now  added,  and  the  solution  shaken  with  a 
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series  of  immiscible  solvents — first  to  the  acidulated  solution,  and  then  to  the  same 
solution  made  alkaline.  The  acidulated  solution  is  transferred  from  the  evaporating 
vessel  to  a  separating  funn^  (see  Fig.  61),  thoroughly  and  repeatedly  shaken  for  a  few 
minutes  with  freshly  rectified  petroleum  ether,  which  should  boil  at  about  65°  to  70° 
C.  (140°  to  158®  F.).  The  treatment  is  repeated  until  on  evaporating  a  small  por- 
tion of  the  ether  it  leaves  no  residue,  showing  that  it  ceases  to  dissolve  anything. 
Petroleum  ether  removes  mostly  the  coloring  matter,  etc.,  but  none  of  the  alkaloids. 

Second.  This  same  process  is  to  be  repeated  with  benzene,  the  boUing  point  of 
which  is  81^  C.  (177.8^  F.).  This  removes  digitaline,  cantharidine,  and  santonine, 
which  are  crystalline,  and  elaterine  and  colchicine,  which  are  amorphous. 

Third.  The  solution  which  has  been  treated  as  above  is  next  shaken  with  chloro- 
form, which  removes  dnchonine,  digitaline,  and  picrotoxine.  The  chloroform  is 
next  dissolved  out  of  the  solution  by  again  shaking  with  petroleum  ether. 

Fourth.  The  solution  is  now  made  alkaline  with  ammonium  hydroxide,  NH^- 
OH,  and  shaken  with  petroleum  ether  at  a  temperature  of  about  40^  C.  (104^  F.), 
when  in  the  petroleum  ether  will  be  found  strychnine,  quinine,  brucine,  veratrine, 
coniine,  and  nicotine  if  they  are  present. 

Fifth.  The  solution  is  next  shaken  with  benzene,  CeH„  when  any  remaining 
strychnine,  brucine,  quinine,  cinchonine,  atropine,  hyoscyamine,  physostigmine, 
aconitine,  codeine,  and  narceine  will  be  dissolved  out. 

Sixth.  Chloroform  is  next  employed  in  a  similar  manner,  which  removes  traces 
of  morphine  if  this  alkaloid  be  present. 

Seventh.  Amyl-alcohol  is  then  employed  in  a  similar  manner,  which  dissolves 
morphine,  solanine,  and  the  glucoside  salicin,  if  present. 

Eighth.  Evaporate  the  watery  liquid  with  powdered  glass  and  treat  the  residue 
with  chloroform,  when  curarine,  if  present,  will  be  extracted.  After  all  these  immis- 
dble  solvents  have  been  separated,  it  then  becomes  necessary  to  isolate  the  residue 
by  distillation  of  the  solvent  and,  by  proper  tests,  determine  the  alkaloid  present. 

The  most  important  alkaloids,  with  their  formulae  and  their  behavior 
with  inmiiscible  solvents,  are  given  in  tabular  form  on  pages  464  and 

465. 

The  number  of  alkaloids  known  is  very  great.  Many  of  them  are 
curiosities,  while  some  of  them  are  most  valuable  remedial  agents.  We 
can  briefly  notice  only  those  most  often  used  in  medicine. 

The  structure  of  the  molecule  of  the  most  of  the  alkaloids  is  un- 
known, and  but  a  few  of  them  have  been  prepared  synthetically.  A 
scientific  classification  of  them,  therefore,  is  impossible.  They  belong 
to  different  classes  of  compounds,  such  as  amids  or  esters  of  organic 
^cids,  in  which  the  basic  character  predominates.  They  are  often 
separable  into  a  basic  and  acid  constituents  by  hydrolysis.  They  may 
be  thus  classified  into  five  groups.  Those  yielding  the  pyridin  base, 
those  containing  a  quinolin  nucleus,  those  containing  the  isoquinolin 
nucleus,  a  fourm  group  closely  related  to  the  purin  bodies,  and  a  fifth 
group  of  unknown  constitution. 

THE  PYRIDIN  GROUP. 
Coniinei  CgHijN,  is  the  simplest  of  the  alkaloids.    It  is  obtained 
from  the  leaves  of  the  spotted  hemlock,  Canium  macukUum,  and  is  a  color 
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less,  oily  liquid,  having  an  acrid  taste  and  a  disagreeable  odor.  It 
can  be  distilled  when  protected  from  the  air.  It  boils  at  170®  C.  (338® 
F.).  It  is  sparingly  soluble  in  water,  but  is  more  soluble  in  cold  than 
in  hot  water;  is  soluble  in  all  proportions  in  alcohol.  It  is  soluble  in 
six  volumes  of  ether,  and  is  soluble  in  most  fixed  and  volatile  oils. 
On  exposure  to  the  air,  it  becomes  thick  and  resinous.  It  gives  oflf 
vapors,  at  the  ordinary  temperature  of  the  air,  which  form  white  fumes 
with  HCl,  similar  to  ammonia.  It  has  been  obtained  synthetically 
from  butyric  aldehyde  and  alcoholic  solution  of  ammonia.  When 
heated  with  H^O^,  it  gives  a  red  color,  changing  to  green,  and  an 
odor  of  butyric  acid.  With  nitrobenzene  it  gives  a  blue  color,  chang- 
ing to  red  and  finally  to  yellow. 

Nicotinei  CjqH^N,,  occurs  in  tobacco.  It  is  a  colorless,  oily 
liquid,  which  turns  brown  on  exposure  to  light  and  air.  It  has  a 
bitter,  caustic  taste,  and  a  disagreeable  penetrating  odor.  It  distils  at 
250®  C.  (482**  F.),  and  bums  with  a  limiinous  flame.  It  is  soluble 
in  water,  alcohol,  ether,  and  the  oils.  It  may  be  removed  from  its 
aqueous  solution  by  shaking  with  ether.  Its  salts  are  deliquescent 
and  crystallize  with  difficulty.  It  gives  a  violet  color  with  HCl,  and 
an  orange  with  HNO,.  It  is  actively  poisonous,  producing  death, 
when  given  in  sufficient  doses,  sometimes  with  great  rapidity. 

Piperidinei  hezahydropjrridin,  CsHeNH,,  has  been  found  in 
pepper,  where  it  occurs  as  a  decomposition  product  of  piperine.  It 
has  been  prepared  synthetically. 

Piperinei  C,7H,^0„  is  the  alkaloid  of  pepper.  It  crystallizes  in 
colorless,  tasteless,  odorless  prisms,  melting  at  130®  C.  (266**  F.). 
The  alcoholic  solution  has  a  sharp,  peppery  taste  and  a  neutral  reaction. 
It  is  soluble  in  alcohol,  but  almost  insoluble  in  water. 

Atropinei  daturinei  atropina  (U.  S.  P.,  Br.),  QyHjgNO,,  occurs  in 
belladonna  and  stramonium.  It  crystallizes  in  prisms,  or  stellated  tufts. 
It  has  a  bitter  taste,  and  dilates  the  pupil,  either  when  free  or  as  salts.  It 
is  odorless,  distinctly  alkaline,  and  neutralizes  acids,  forming  crystalline 
salts.  Atropinse  sulphas  (U.  S.  P.,  Br.)  occurs  as  a  white,  crystalline 
powder,  soluble  in  water.  It  is  an  active  poison,  producing  dr)niess  of  the 
throat,  flushing  of  the  face,  dilatation  of  the  pupils,  loss  of  speech  and  of 
muscular  power,  dizziness,  delirium,  and  coma.  Fatal  cases  of  poisoning 
are  not  frequent.  The  treatment  should  consist  in  removing  the  unab- 
sorbed  drug  with  the  stomach-tube,  after  the  administration  of  some 
liquid  containing  tannin,  as  tea.  A  solution  of  atropine  dropped  into  the 
eye  of  a  cat  dilates  the  pupil.  This  is  used  as  a  test  for  the  alkaloid. 
When  hydrolyzed,  it  breaks  up  into  a  base,  tropine,  and  an  acid, 
tropic  acid.  Other  acids  may  replace  tropic  acid,  forming  com- 
pounds known  as  tropeines.    The  compound  of  mandelic  acid  with 
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tropine  is  used  as  a  substitute  for  atropine,  and  is  known  as  homat- 
ropine. 

HomatropinflB  hydrobromidum  (U.  S.  P.))  CioHsiNOgHBr,  occurs 
as  a  white,  crystalline  powder,  soluble  in  water,  alcohol,  and  ether. 

Atropine  belongs  to  the  tropeineSy  and  is  isomeric  with  hyoscy- 
amine  and  hyoscine. 

The  other  natural  tropeines  are  belladonnine,  atropamine,  scopola- 
mine, and  benzoyl-pseudotropine.  They  are  all  saponifiable  by  treat- 
ment with  acids  or  alkalies,  and  are  split  into  an  acid,  generally  tropic 
acid,  and  tropine  or  pseudotropine. 

Hyoscyaminei  C17H33NO,,  is  an  alkaloid  occurring  in  belladonna 
and  hyoscyamus.  It  is  isomeric  with  atropine,  and  is  easily  con- 
verted into  it.  It  occurs  as  yellow-white,  amorphous,  resinous-like 
masses,  or  as  prbmatic  crystals,  having,  particularly' when  damp,  a 
tobacco-like  odor,  and  an  acrid,  nauseous,  bitter  taste.  It  is  deli^ 
quescent  on  exp>osure  to  the  air.  It  is  very  soluble  in  water  and  al- 
cohol, and  almost  insoluble  in  ether.  It  dUates  the  pupils,  like  atro- 
pine, and  possesses  sedative  properties. 

HyoscyamiiUB  sulphasi  (C^TH^O^^l^O^y  and  hyoscyaminA 
hydrobromidum,  Qyl^NOgHBr,  are  official. 

Hyoscinei  Q7H21NO4,  is  another  alkaloid  obtained  from  hyos- 
cyamus. Hyoscine  hydiobromide  is  official.  It  occurs  in  colorless, 
transparent,  rhombic  crystals,  soluble  in  water  and  alcohol.  Its  solution 
has  a  bitter,  slightly  pungent  taste.  It  is  employed  as  a  sedative  and 
hypnotic,  and  is  especially  used  in  mania  and  in  neuralgias.  It  is  more 
active  ami  rapid  in  its  effects  than  either  atropine  or  hyoscyamine. 

Cocainai  cocaina  (U.  S.  P.),  €^11^^04,  is  one  of  the  nine  alkaloids 
which  occur  in  the  leaves  of  Erytkroxylon  coca.  It  occurs  in  monoclinic, 
glistening  prisms.  The  hydrochlorate  has  powerful  anesthetic  proper- 
ties. Coca-leaves  are  used  in  Peru  as  a  stimulant.  Its  taste  is  at  first 
bitter,  producing  paralysis  of  the  sense  of  taste  and  a  consequent  numb- 
ness of  the  tongue.  When  heated  with  strong  HCl,  it  decomposes  into 
benzoic  acid,  methyl-alcohol,  and  ecgoninei  CoH^NO,,  a  new  base. 
Other  esters  of  ecgonine  are  found  in  coca-leaves,  which  yield  cocaine 
by  saponification,  a  fact  of  great  technical  importance.  Cocaine  has 
thus  been  prepared  synthetically  from  ecgonine. 

The  hydrochloride,  CjyHjjNO^HCl  (cocainae  hydrochloridum, 
U.  S.  P.),  is  the  only  official  salt.  It  oc<;urs  as  colorless,  transparent 
crystalsj  having  a  bitterish,  saline  taste,  and  producing  on  the  tongue 
a  tingling,  benumbing  sensation,  lasting  for  some  minutes.  It  is 
soluble  m  water  and  alcohol,  but  is  soluble  with  difficulty  in  ether.  It 
is  used  externally  as  a  local  anesthetic,  especially  on  the  mucous  mem- 
branes, and  also  internally. 


468  MEDICAL  CHEMISTRY. 

Owing  to  its  stimulant  and  exhilarant  properties,  cocaine  b  some- 
times employed  as  a  stimulant,  and  occasionally  cases  of  the  cocaine  habit 
are  met  with,  which  is  more  demoralizing  than  the  morphine  habit. 

THE  QUIHOLIN  GROUP. 

Brucinei  C,|H,|N204 .  4H,0,  accompanies  strychnine  in  the  seeds  and 
bark  of  different  varieties  of  strychnos,  or  nux  vomica.  It  forms  oblique 
prkms  or  plates,  q>aringly  soluble  in  water,-  readily  soluble  in  alcohol, 
chloroform,  and  amyl-alcohol,  and  which  lose  their  water  of  crystalliza- 
tion when  dried  in  the  air.  It  is  intensely  bitter,  and  has  a  strong  basic 
reaction,  forming  crystalline  salts.  Its  action  in  the  economy'  is  simi- 
lar to  that  of  strychnine,  but  less  active.  With  strong  nitric  acid  it 
gives  a  red  color,  fading  to  yellow;  SnCl,  changes  the  above  red 
color  to  violet  Chlorine  water  colors  it  a  bright  red,  which  is  changed 
to  yellow-brown  by  NH^OH. 

Strychnine,  staychnina  (U.  S.  P.,  Br.),  C^fi^fi^  exists  in  the 
seeds  and  bark  of  nux  vomica^  and  in  the  seeds  of  Strychnos  igtuUkt^ 
^'St.  Ignatius's  bean,''  and  other  plants  of  the  same  famQy.  It  crys- 
tallizes in  white,  fusible,  four-sided,  trimetric  prisms.  Its  bitter  taste 
can  be  detected  in  a  solution  containing  one  part  in  one  million  parts 
of  water.  It  forms  soluble  crystalline  salts,  and  is  a  violent  poison, 
producing  tetanic  convulsions.  The  ph3rsiological  antidotes  are  mor- 
phine, atropine,  and  chloral  hydrate.  A  delicate  test  is  to  dissolve 
the  suspected  substance  m  sulphiuic  acid  and  add  a  fragment  of 
potassium  dichromate,  when  a  deep  purple-red  color  b  produced  if 
strychnine  is  present. 

Strychnine  nitras  (U.  S.  P.),  CnHuN^OsHNO,,  and  strychnine 
sulphas  (U.  S.  P.),  (C^HaNjO,) .  H^O^ .  sH^O,  are  white,  crystalline,  in- 
tensely bitter,  soluble  salts.    The  phosphate  and  arsenite  are  often  used . 

Of  the  salts  of  strychnine,  the  British  Pharmacopceia  recognizes 
only  the  hydrochloride. 

Cinchona  Alkaloids. — Cinchona-bark  contains  a  considerable 
number  of  alkaloids,  several  of  which  are  employed  in  medicine.  No 
less  than  thirty-three  of  these  alkaloids  have  been  isolated.  They  exist 
chiefly,  though  not  wholly,  in  the  bark,  and  are  remarkable  for  their 
valuable  antiperiodic  and  febrifuge  properties.  They  all  have  well- 
defined  basic  characters,  and  their  salts  kre  usually  crystallizable.  Their 
basic  character  is  such  that  they  may  be  estimated  by  titration  with  a 
standard  acid.  They  are  but  slightly  soluble  in  water,  but  dissolve  more 
readily  in  alcohol,  and  very  easily  in  ether  and  chloroform.  The 
bitter  liquids  will  remove  them  from  ammoniacal  solutions  by  agita- 
tion, but  will  not  from  a  solution  acidulated  with  H,S04  or  HCl.  A 
solution  of  these  alkaloids  in  H3SO4  exhibits  a  characteristic  strong  blue 
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fluorescence.  They  are  precipitated  by  the  fixed  alkalies,  alkaline 
carbonates,  or  ammonia.  The  most  important  cinchona  alkaloids 
are:   quinine,  quinidine,  cinchonine,  and  cinchonidine. 

Quinine^  quiniai  quinina  (U.  S.  P.),  C^^Nfi^.^Ufi,  exists  in 
the  bark  of  the  various  species  of  the  cbinchona  growing  in  the  moun- 
tains of  the  northern  part  of  South  America.  Different  samples  of  the 
cinchona-bark  vary  in  the  contents  of  alkaloids.  They  vary  from  thirty- 
three  per  cent,  to  as  low  as  five  per  cent.  It  occurs  as  a  white,  flaky, 
amorphous,  or  crystalline  powder,  permanent  in  the  air,  and  having  a 
very  bitter  taste.  It  is  soluble  in  1750  parts  of  water  and  in  0.6  part 
of  alcohol.  It  is  also  soluble  in  chloroform,  ether,  carbon  disulphide, 
benzene,  ammonia  water,  and  dilute  acids.  AVhen  treated  at  100^  C. 
(212®  F.)  it  loses  a  part  of  its  water  of  crystallization,  but  the  remain- 
der is  expelled  at  125^  C.  (257^  F.).  It  has  an  alkaline  reaction  upon 
litmus  paper.  Brazil-wood,  or  methyl-orange. 

A  sulphate,  bisulphate,  hydrobromate,  hydrochlorate,  and  valerian- 
ate are  official.  The  tannate,  salicylate,  phenate,  and  numerous  other 
salts  are  also  employed  in  medicine. 

Quinine  sulphate^  quinine  sulphas  (U.  S.  P.,  Br.),  (C,o^^a' 
03),H^04. 7HjO,  is  manufactured  on  a  large  scale  for  use  in  medicine. 
It  is  found  in  white,  silk-like,  needle-shaped  crystals,  somewhat  flex- 
ible, making  a  very  light  and  easily  compressible  mass,  which  efflo- 
resces in  diy  air,  absorbs  water  in  moist  air,  and  becomes  colored  on 
exposure  to  light.  It  has  a  persistent,  very  bitter  taste,  and  is  not 
very  soluble  in  water,  but  more  readily  in  alcohol.  It  is  soluble  in 
740  parts  of  water,  65  parts  of  alcohol,  40  parts  of  glycerin,  and  is 
freely  soluble  in  dilute  acids.  When  exposed  fo  the  air  at  a  tempera- 
ture of  100**  C.  (212®  F.)  for  some  hours,  it  loses  all  of  its  water  of 
crystallization.  The  solution,  especially  in  excess  of  H3SO4,  exhibits 
a  vivid  blue  fluorescence.  The  alkaloid  is  precipitated  on  the  addi- 
tion of  ammonia  water,  but  the  precipitate  is  soluble  in  excess  of 
ammonia.  On  treating  10  c.c.  of  an  aqueous  solution  of  the  salt  with 
two  drops  of  bromine  water,  and  then  with  an  excess  of  ammonia 
water,  the  liquid  assumes  an  emerald-green  color. 

Quinine  bisulphate,  acid  quinine  sulphatei  quinine  bisul- 
phas  (U.  S.  P.),  C2oH,4N,0,H,S04.7H,0,  occurs  as  colorless,  trans- 
parent, or  whitish  crystals  or  small  needles,  odorless,  and  having  a  very 
bitter  taste.  They  are  freely  soluble  in  water,  exhibiting  beautiful 
blue  fluorescence.  It  loses  all  of  its  water  of  crystaUization  at  100^ 
C.  (212*^  F.).  It  gives  the  same  reaction  with  bromine  water  and 
ammonia  as  the  sulphate. 

Solution  of  iodine  precipitates  from  the  acetic  acid  solution  of  the 
basic  sulphate  a  tourmaline-colored,  crystalline  body,  with  a  green 
reflection. 
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The  solutions  of  quinine  and  its  salts  are  levorotatory.  When  dis- 
solved in  chlorine  water,  ammonium  hydrate  produces  a  deep  emerald- 
green  solution.  If  K^FeCy^  be  first  added,  NH4OH  gives  a  deep-red 
color. 

Quininfle  hydrobromidum  (U.  S.  P.),  CaoHMN,O^Br.H,0;  qui- 
nine hydrochloridum  (U.  S.  P.,  Br.),  C^N,O^Cl .  2H,0 ;  quinine 
saUcylas  (U.  S.  P.),  aC^H^NjOjQHeOj.HjO,  are  white,  odorless, 
silky  needles,  having  a  very  bitter  taste. 

Quinidine  is  isomeric  with  quinine,  and  is  found  with  it.  Quini- 
dine  is  distinguished  from  quinme  by  its  strong  dextrorotatory  power. 
Quinidine  is  produced  by  the  action  of  heat  upon  quinine,  and  does 
not  exist  in  the  bark.  Quinidine  occurs  in  large  prisms,  soluble  with 
difficulty  in  water,  but  soluble  in  alcohol.  It  gives  the  same  reaction  as 
quinine  with  chlorine  and  ammonia.  It  has  a  bitter  taste  and  has  tonic 
properties  similar  to  quinine,  and  its  salts  resemble  those  of  quinine. 

Cinchonai  cinchoninei  Ci«HaN,0,  occurs  in  cinchona-bark,  to- 
gether with  quinme  and  the  other  alkaloids.  It  occurs  in  four-sided 
needles,  fusing  at  150®  C.  (302®  F.).  It  is  soluble  in  3810  parts  of 
water  and  in  140  parts  of  alcohol.  It  is  separated  from  quinine  by 
its  insolubility  in  ether;  very  bitter  and  has  less  tonic  properties  than 
quinine.    The  sulphate  is  official. 

Cinch(midin»  sulphas  (U.  S.  P.),  (Ci,HaN,0),I^04.3H,0  is 
a  neutral  sulphate  of  dnchonidine,  another  alkaloid  obtained  from  cin- 
chona barks.  White,  glistening,  silky  needles  or  prisms,  odorless,  and 
having  a  bitter  taste.  It  is  soluble  in  63  parts  of  water,  and  72  parts 
of  alcohol. 

ISOQUIHOLIN  GROUP. 

The  alkaloids  of  this  group  are  derivatives  of  isoquinolin.  Opium 
contains  a  number  of  alkaloids,  of  which  the  most  important  are  the 
following,  with  the  average  percentage  present: 

Morphine Ci^H^^NO^  .  H,0     10       per  cent. 

Narcotine CaHaiNO,  6 

Papaverine C^H^NO^  i        " 

Codeine CsH^NO.  0.3      " 

Narceine C„H„NO,  .  ^Hfi    0.2     " 

Thebaine C,»H,,NOj  0.15   " 

Opium  is  the  concrete,  milky  exudation  of  the  unripe  capsules 
of  the  Papaver  somnijerum,  or  poppy.  It  is,  chemically,  a  mixture 
of  a  large  number  of  substances,  contaming  gum,  albumin,  wax,  vol- 
atile and  coloring  matters,  meconic  acid,  meconin,  and  no  less  than 
sixteen  or  eighteen  alkaloids,  the  most  important  of  which  are  mor* 
phine  and  codeine. 
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The  value  of  opium  in  commerce  is  generally  determined  by  an  assay 
for  the  quantity  of  morphine  present  in  it.  Ordinary  opium  should  not 
contain  less  than  nine  per  cent,  of  morphine,  and  when  dried  at  85^ 
C.  (185®  F.)  it  should  contain  from  twelve  to  sixteen  per  cent,  of  this 
alkaloid,  when  estimated  according  to  the  method  of  the  U.  S.  P. 

Opium  occurs  in  the  market  m  irr^;ular  or  globular  masses,  with 
remnants  of  poppy-leaves  adhering  to  the  surface.  It  is  usually  plastic 
in  consistency,  of  a  dark-brown  color,  and  a  somewhat  shining  appear- 
ance; it  has  a  nauseous,  peculiar,  bitter  taste.  When  the  gum  is  dried, 
powdered,  and  exhaust^  with  ten  times  its  own  weight  of  strong  ether, 
the  ethereal  solution  separated,  and  sugar  of  milk  added  to  restore 
the  original  weight,  it  forms  the  denarcotized  opium  of  the  U.  S.  P. 
The  principal  alkaloid  of  opium  is  morphine. 

Morphinei  morphina  (U.  S.  P.),  Q^Hi^NO^.H^O,  occurs  in  short, 
transparent,  trimetric  prisms,  odorless,  very  bitter,  and  fusing  at  254^  C. 
(489.2^  F.).  Morphine  is  soluble  in  hot  water,  alcohol,  and  amyl- 
alcohol,  but  nearly  insoluble  in  cold  water,  and  only  slightly  soluble  in 
cold  alcohol  and  amyl-alcohol.  It  gives  a  blue  color  with  neutral  solu- 
tions of  FesCl, ;  it  decomposes  iodic  acid,  giving  free  iodine.  Its  solutions 
are  levorotatory.    It  b  especially  noted  for  its  anodyne  properties. 

Morphine  dissolves  readily  in  dilute  acids,  forming  very  soluble  and 
crystallizable  salts,  the  most  important  of  which  are  morphinae  acetas 
(U.  S.  P.,  Br.),  morphiiUB  hydrochloridum  (U.  S.  P.,  Br.),  and  mor- 
phine sulphas  (U.  S.  P.,  Br.),  (C„Hi^0g),H^04.sH,0. 

Apomorphine. — CifHi^NO,.  When  morphine  is  heated  to  iio^ 
C.  (230^  F.),  with  an  excess  of  HCl  and  zinc  chloride,  it  b  converted 
into  apomorphine  hydrochloride.  It  b  said  to  be  formed  spontaneously 
in  old  morphine  solutions.  The  hydrochloride  b  a  speedy,  non-irri- 
tant emetic. 

ApomorphiiuB  hydrochloridum  (U.  S.  P.,  Br.),  C|7Hi7NO^Cl,  is 
the  hydrochloride  of  an  alkaloid  prepared  from  morphine  by  the  extrac- 
tion of  one  molecule  of  water.  Minute,  graybh-white,  bitter  crystals, 
becoming  greenbh  on  exposure  to  light.  It  b  soluble  in  water  and 
alcohol,  and  slightly  soluble  in  ether  and  chloroform.  It  can  also  be 
prepared  from  codeine. 

Codeine  (methyl-morphine),  codeina(U.S.P.),  Ci7H„(CH3)NO,.- 
H,0,  and  several  similar  compounds  have  been  artificially  prepared. 
Codeine  b  prepared  by  heating  morphine  with  methyl-iodide  and 
sodium-ethyl.  It  may  atlso  be  separated  from  opium.  It  occurs  as  a 
white,  crystalline  powder,  slightly  soluble  in  water,  very  soluble  in  ether 
and  alcohol.  Its  action  b  similar  to  that  of  morphine,  but  it  b  about  one- 
half  as  efficient.    The  alkaloid,  the  phosphate,  and  sulphate  are  official. 

Heroine  (morphine-diacetic-ester),  CijH.n(C^O^jtiO^,  b  a  white, 
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crystalline  powder,  odorless,  and  having  a  weak,  bitter  taste.  It  b 
almost  insoluble  in  water,  but  soluble  in  alkaline  liquids.  It  b  used 
as  a  sedative  for  the  rdief  of  asthma,  coughs,  etc. 

Dionine  (hydrochloride  of  mono-ethyl-morphine)  occurs  as  a  fine, 
white,  crystalline  powder,  soluble  in  water.  It  b  used  in  the  treatment 
of  the  cough  of  bronchitb,  phthbb,  pneumonia,  etc. 

Peronine  (morphine-benzyl-ester-hydrochloride)  occurs  also  as  a 
white,  crystalline  powder  readQy  soluble  in  alcohol  and  insoluble  in  water. 

Uses  same  as  those  of  dionine. 

Hjdrastine,  hydrastina  (U.  S.  P.),  CuHnNO,,  b  the  principal 
alkaloid  of  goldenseal,  Hydrastis  canadensis.  It  occurs  in  white  crys- 
tals, having  an  intensely  bitter  taste.  It  b  insoluble  in  water,  but  b 
readily  soluble  in  alcohol.  It  has  astringent  properties.  Hydrastmine^ 
CjiHiiNOj,  b  an  artificial  alkaloid  derived  firom  hydiustine.  The 
hydrochloride,  C„H,iNO^Cl,  b  official.  It  occurs  as  light-yellow, 
crystalline  powder,  or  needle-shaped  crystab,  having  a  bitter  taste. 

Berberinei  QjEii7N04,  also  found  in  hyd^tb,  occurs  in  yellowish- 
brown  needles,  forming  a  yellow  solution  with  water.  Berberine  has 
little  toxic  effect  upon  man,  but  it  produces  paresb  and  interferes  with 
respiratk)n,  in  dogs. 

THE  PURIN  GROUP. 

These  alkaloids  are  related  to  the  xanthin  bases  and  uric  add  (q.  v.). 
The  chief  alkaloids  of  thb  class  are  caffeinei  theobrominei  and 
theophylline.     Caffeine  b  structurally   i.  3.   7.   trimethyl-xanthin; 
theobromine  b  i.  7.  dimethyl-xanthin;   and  theophylline  b  i.  3.  di-' 
methyl-xanthin. 

Caffeine,  Theine,  Caffeina  (U.  S.  P.,  Br.).— CgHi^40,.H,0. 
White,  silky  needles;  fuses  and  sublimes;  has  a  faint  bitter  taste; 
poisonous  in  large  doses;  0.4  to  0.5  gr.  produces  death  in  cats  and 
rabbits.  It  exbts  in  coffee,  tea,  and  some  other  plants.  Hot,  fum- 
ing HNO,  turns  it  yellow,  which,  after  evaporation  and  treatment 
with  NH4OH,  becomes  purple  (miu-exid). 

Citrated  caffeinei  caffeina  citrata  (U.  S.  P.),  caffeine  dtras  (Br.), 
b  a  weak  compound  or  mixture  of  caffeine  and  citric  acid,  made  by 
evaporating  to  dryness  a  solution  of  caffeine  in  water  containing  an 
equal  weight  of  dtric  add.  It  b  a  white  powder  having  an  acid  taste 
and  reaction.  It  b  soluble  in  about  twenty-five  parts  of  water.  Its 
physiological  properties  are  the  same  as  those  of  the  alkaloid. 

Caffeina  citrata  effenrescens  (U.  S.  P.),  caffeins  citras  effer- 
yescens  (Br.),  b  a  white  powder  consbting  of  a  mixture  of  citrated 
caffeine,  sodium  bicarbonate,  tartaric  acid,  and  sugar.  The  prepara- 
tion contains  2  per  cent,  of  caffeine. 
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Theobrominei  CyH^^O,,  occurs  in  the  seed  or  bean  of  Theo- 
broma  cacao.  It  closely  resembles  caffeine  in  its  physiological  action. 
It  is  eliminated  by  the  kidneys,  and  can  be  detected  in  the  urine.  It 
forms  small,  white  trimetric  crystals,  sparingly  soluble  in  water,  al- 
cohol, and  ether.  It  has  a  slightly  bitter  taste.  A  mixture  of  the  sali- 
cylates of  theobromine  and  sodium  is  used  under  the  name  of  diuretiii. 
Diuretin  is  unstable,  and  slowly  decomposes  in  contact  with  water. 

Theophylline  is  found  in  tea  along  with  caffeine.  It  is  not  used 
in  therapeutics. 

ALKALOIDS  OF  UHKNOWH  COHSTITUTIOH. 

Properties  of  the  Principal  Non-yolatile  Alkaloids.— Aconi- 
tine,  Aconitina  (U.  S.  P.,  Br.),  C84H^NO,i,  is  a  glacial  mass  or  a  white 
powder,  and  crystallizes  with  difficulty  in  rhombic  plates.  It  possesses 
a  sharp,  pungent  taste,  and,  in  general,  the  physiological  properties 
of  the  plant. 

The  commercial  alkaloid  is  probably  a  mixture  of  several  alkaloids, 
of  which  aconite-root  contains  at  least  nine.  The  alkaloid  is  very 
poisonous  and  care  should  be  exercised  in  tasting  it.  The  most  char- 
acteristic test  is  the  numbness  of  the  tongue  and  lips,  which  it  produces 
in  from  one  to  fifteen  minutes  after  tasting  it.  This  numbness  suffices 
to  detect  as  small  a  quantity  as  coi  of  a  milligram  of  the  alkaloid. 
It  neutralizes  acids,  forming  crystalline  salts.  It  is  precipitated  from 
its  aqueous  solutions  by  alkalies,  phosphomolybdic  acid,  Mayer's  re- 
agent, and  by  iodine  in  KI  solution.  It  is  not  precipitated  by  PtCl^, 
HgCl,,  or  picric  acid. 

Colchicine,  Colchicina  (U.  S.  P.),  C„Ha(CH30)N05,  occurs  in 
Colchicum  autumnale  and  in  other  plants  of  the  same  family.  It  is  a 
yellow-white,  gummy,  amorphous  substance  (usually  amorphous),  with 
a  melting  point  of  about  147®  C.  (296®  F.).  It  is  readily  soluble  in 
water,  alcohol,  and  chloroform.  It  is  employed,  like  the  plant,  in  the 
treatment  of  rheumatism  and  gout,  in  doses  of  from  j\jf  to  -^^  of  a 
grain.  By  the  process  of  hydrolysis,  this  alkaloid  yields  a  second 
one,  called  colchiceine,  QiH^OHNOs.  This  substance  is  readily 
soluble  in  boiling  water,  alcohol,  and  chloroform,  and  but  slightly 
soluble  in  cold  water.     It  is  occasionally  employed  in  medicine. 

Physostigmine,  eserine,  physostigma,  CuH^iNsO,,  is  an  alka- 
loid obtained  from  the  Calabar  bean,  Physostigma  venenosum.  It  b  a 
crystalline  or  amorphous,  brown-yellow  powder.  Its  solutions  vary  in 
color  from  red  to  blue,  and  are  strongly  alkaline  in  reaction.  It  is  a 
violent  poison,  and  strongly  contracts  the  pupils.  The  salicylate, 
occurring  in  crystalline  prisms,  and  the  sulphate,  a  yellow-white,  crys- 
talline powder,  are  official. 
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Pilocarpine,  Cu^^^fi^*  ^  ^^  principal  alkaloid  of  jaborandi.  It 
is  uncrystallizable,  but  its  salts  crystallize  from  alcohol.  With  H,S04 
it  forms  a  colorless  solution.  Given  internally,  it  produces  rapid  and 
profuse  diaphoresb  and  salivation,  quickened  pulse,  and  lowered  tem- 
perature. With  large  doses  the  heart  stops  in  diastole.  The  hydro- 
chloride, pilocarpinae  hydrochloridumi  and  piiocarpinfle  nitras  are 
official.  They  occur  as  small,  white,  odorless  crystals,  having  a  slightly 
bitter  taste,  very  soluble  in  water  or  alcohol. 

Sparteinei  CigHsgN,,  is  an  alkaloid  extracted  from  the  common 
broom,  scoparius. 

It  is  a  liquid,  heavier  than  water,  boiling  at  288**  C.  (550®  F.). 
It  is  sparingly  soluble  in  water,  giving  an  alkaline,  bitter  solution. 
It  smells  like  anilin,  and,  like  it,  becomes  brown  on  exposure  to  the 
air.  The  sulphate,  sparteine  sulphas,  C^B^^ .  H^O^ .  5H,0  (U.  S. 
P.),  is  used  as  a  heart-stimulant. 

Veratrine,  yeiatrioa  (U.  S.  P.,  Br.),  occurs  in  Asagraa  offici- 
nalis. The  commercial  substance  is  a  mixture  of  three  alkaloids — 
cevadine,  veratrine,  and  cevadilHne.  White  prisms  or  powder,  melting 
at  175®  C.  (347**  F.)  and  solidifying,  on  cooling,  to  a  resinous  mass. 
Its  dust  causes  violent  sneezing;  it  is  a  violent  poison.  Concentrated 
H2SO4  forms  a  yellow  solution,  which  gradually  becomes  red.  These 
alkaloids  all  form  crystalline  salts.  The  oleate  and  an  ointment  of 
veratrine  are  official. 

PTOMAINES. 

Putrefactive  or  Cadaveric  Alkaloids.— These  alkaloids  are  pro- 
duced during  the  putrid  decomposition  of  animal  and  vegetable  mat- 
ter, and  probably  in  certain  pathological  conditions  in  the  human 
body  during  life.  They  are  the  result  of  the  growth  of  the  bacteria 
that  produce  the  decomposition  of  dead  animal  and  vegetable  tissues. 

Some  of  these  bases  are  very  poisonous,  producing  symptoms  resem- 
bling those  caused  by  strychnine,  atropine,  coniine,  etc.  Selmi  ob- 
tained poisonous  bases  containing  arsenic  from  the  body  of  a  sub- 
ject who  had  died  of  arsenical  poisoning,  and  was  exhumed  fourteen 
days  after  death.  It  is  probable  that  the  symptoms  of  poisoning  by 
preserved  foods,  such  as  canned  fish,  meat,  etc.,  that  are  occasionally 
seen,  are  sometimes  due  to  the  presence  of  some  one  of  these  alkaloids. 
Tainted  meat,  fish,  etc.,  should  not  be  eaten.  The  author  has  known 
of  a  number  of  cases  of  poisoning  from  this  cause. 

Some  of  these  alkaloids  decompose  with  great  ease,  giving  a  cadav- 
eric odor,  while  others  remain  permanent.  Although  they  are  most 
likely  to  be  found  in  putrefying  anunal  matters,  they  have  been  pro- 
duced by  the  putrefaction  of  maize,  leguminous  substances,  flour. 
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etc.  Many  of  the  ptomaines  are  volatile  and  amorphous,  but  form 
crystalline  salts  with  the  acids.  They  may  answer  to  nearly  all  the 
ordinary  reactions  of  many  of  the  vegetable  alkaloids.  The  putre- 
factive alkaloids  seem  to  possess  less  stability,  and  generally  have  a 
greater  tendency  to  undergo  oxidation,  than  the  vegetable  bases,  and 
hence  frequently  act  as  reducing  agents.  The  ptomaines  are  formed 
during  the  earlier  stages  of  the  putrefactive  processes,  and  as  putre- 
faction progresses  they  gradually  disappear,  and  give  place  to  well- 
known  aromatic  or  benzenoid  compounds.  Brieger  found  that  there 
are  produced  at  first  oxygenated  bases,  like  cholin,  muscarin,  neurin, 
gadinin,  and  tetanin. 

These  seem  to  disappear  afterward,  and  amins  take  their  places,  such 
as  dimethylamin,  trimethylamin,  triethylamin,  putrescin,  cadavarin, 
saprin,  neuridin,  coUidin,  hydrocoUidin,  parvolin,  and  tyrotoxicon 
(diazobenzene).  Some  of  these  are  volatile  and  others  decompose  on 
the  application  of  heat,  especially  on  evaporation  to  dryness. 

The  number  of  these  alkaloids  that  have  been  isolated  is  consider- 
able. Some  of  them  have  not  been  sufficiently  studied  to  determine 
their  constitution.  Some  of  these  bases  so  closely  resemble  the 
vegetable  alkaloids  that  they  have  been  mistaken  by  chemists  for  the 
latter.  The  alkaloids  likely  to  be  confounded  with  ptomaines  are 
coniine,  nicotine,  strychnine,  morphine,  atropine,  digitaline,  vera- 
trine,  de^hinine,  and  colchicine.  Not  only  do  the  ptomaines  have 
many  reactions  that  have  been  heretofore  regarded  as  characteristic  of 
the  above-named  alkaloids,  but  their  presence  in  some  cases  prevents 
the  detection  of  certain  alkaloids  by  the  usual  reagents.  These  facts 
have  a  very  important  bearing  upon  the  toxicological  search  for  the 
alkaloids.  Indeed,  serious  mistakes  have  been  made  by  chemists  who 
have  had  charge  of  such  analyses,  owing  to  imperfect  knowledge  of 
these  putrefactive  alkaloids. 

The  separation  of  the  ptomaines  from  the  vegetable  alkaloids  is 
attended  with  great  difficulty.  A  somewhat  distinctive  reaction  for 
the  ptomaines  is  their  reducing  action  upon  potassium  ferricyanide. 
If  a  solution  containing  ferric  chloride  and  potassium  ferricyanide  be 
treated  with  a  drop  or  two  of  a  solution  containing  a  ptomaine,  the 
ferricyanide  is  reduced  to  ferrocyanide,  which  gives  an  immediate 
precipitate  of  Prussian  blue  with  the'  ferric  chloride.  The  only  veg- 
etable alkaloids  thus  far  known  to  reduce  ferricyanides  are  morphine 
and  veratrine. 

Phjrsiological  Action  of  Ptomaines. — ^The  cadaveric  alkaloids 
are  not  all  toxic.  Of  those  which  are,  there  is  a  great  variation  in 
the  degree,  as  well  as  in  the  symptoms  produced.  The  free  ptomaines 
are  more  energetic  than  their  salts.    The  principal  symptoms  observed 
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in  dogs  are  the  following:  (i)  Dilatation  of  the  pupil,  followed  by 
contraction,  sometimes  irregular  contraction,  of  the  pupils;"  (2)  paraly- 
sis of  the  vasomotor  nerves,  causing  an  increased  cutaneous  heat  and 
injection  of  the  helices  of  the  ears;  (3)  cessation  of,  or  slowing  of  the 
respiration;  (4)  somnolence,  followed  by  convulsions  and  death;  (5) 
loss  of  musaiiar  contractility  to  electrical  stimulus.  Very  little  seems 
to  be  known  of  the  effects  of  individual  ptomaines  upon  man.  What 
has  often  been  called  ptomaine  poisoning  is  the  result  of  a  mixture  of 
substances,  in  which  we  have  no  evidence  that  ptomaines  exist,  or  that 
they  are  the  cause  of  the  symptoms  if  present.  Such  poisoning  is  more 
properly  called  "  food-poisoning.''  As  our  knowledge  of  food-poison- 
ing increases,  it  becomes  more  probable  that  ptomaines  play  little  part 
in  producing  the  symptoms,  but  that  they  are  due  to  toxins,  or  to  a 
mixture  of  causes. 

Food-poison  and  botulismus  will  be  treated  of  under  Toxins. 

Among  the  non-poisonous  ptomaines,  are  a  number  of  the  amin 
bases  which  may  be  formed  by  other  processes  than  putrefaction. 
Among  these  may  be  mentioned  methylamin,  dimethylamin,  trimethyl* 
amin,  ethylamin,  diethylamin,  triethylamin,  propylamin,  and  neurodin, 
most  of  which  have  been  mentioned  among  the  amins.  We  may  men- 
tion in  addition,  mydin,  CgHuNO;  pyocyanin,  Cj^H^NOj,  and  betain. 

The  most  important  of  the  poisonous  ptomaines  are  the  following: 

Cadaveruiy  CjH^Nj,  occurs  very  frequently  in  decomposing  animal 
tissue.  It  is  not  very  poisonous,  but  is  capable  of  producing  intense 
inflammation  and  suppuration,  even  in  the  absence  of  bacteria.  It 
appears  late  in  the  putrefactive  process,  but  readily  in  cultivations 
of  the  cholera  bacillus  and  the  Finkler-Prior  vibrio.  It  belongs  to 
the  diamins,  and  is  chemically  pentamethylenediamin.  It  is  a  syrupy 
liquid,  possessing  an  unpleasant  odor  resembling  that  of  cocaine. 

Cholin,  C5HJ5NO2,  is  similar  in  properties  to  neurin,  and  has  been 
already  mentioned  among  the  organic  bases. 

Muscarine  CsH^O,,  was  first  discovered  in  poisonous  mushrooms, 
Agaricus  muscarius.  It  has  also  been  obtained  by  the  oxidizing  action 
of  HNO3  on  cholin.  It  is  closely  related,  therefore,  to  this  base.  It 
has  been  obtained  also  from  putrid  fish.    It  is  a  very  active  poison. 

Neuiin,  CjHjjNO,  is  a  syrupy  base  of  strong  alkaline  reaction, 
and  has  been  obtained  synthetically  by  boiling  protagon  from,  brain- 
substance  with  baryta,  and  by  other  synthetic  processes.  It  is  a  con- 
stant product  of  cadaveric  putrefaction,  and  is  a  more  powerful  toxic 
agent  than  cholin,  with  which  it  is  usually  associated.  Atropine  is 
its  physiological  antagonist. 

Cholin,  muscarin,  and  neurin  usually  occur  together,  and  have 
been  described  on  page  397. 
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Oadiniiiy  QHitNO,,  has  been  obtained  from  putrefying  codfish. 

Mytilotoziny  CgHiJNfO,,  is  the  active  agent  in  poisonous  mussek. 

Typhotoxiiiy  C^^NO,,  is  an  alkaloid  which  has  b^n  obtained 
from  pure  cultures  of  the  bacillus  of  typhoid  fever,  and  is  supposed  to 
be  the  chemical  poison  concerned  in  producing  the  symptoms  in  this 
disease. 

Typhotoxin,  when  injected  into  the  circulation  of  aniiiials,  produces 
a  lethargic  or  paralytic  condition,  in  which  the  animal  falls  down 
helpless.  Frequently  diarrheal  evacuations  take  place,  and  death  fol- 
lows in  from  one  to  two  days. 

Tetaniiiy  C^fi^fi^,  is  supposed  to  be  the  chemical  poison  in 
cases  of  tetanus.    There  is  also  a  toxin  of  tetanus,  and  an  antitoxin. 

Tyrotoziconi  C^HiN,,  is  a  poison  which  has  been  separated  from 
poisonous  cheese,  ice-cream,  and  milk.  Its  true  chemical  compositbn 
nas  not  yet  been  established.  It  is  supposed  to  be  the  active  agent  in 
producing  the  symptoms  usually  seen  in  cases  of  cheese  poisoning. 

Putresciiiy  QH^N,  (tetramethylenediamin),  is  usually  found 
accompanying  cadaverin,  but  makes  its  appearance  much  later.  It  is 
found,  together  with  cadaverin,  in  feces  and  urine.  It  is  a  poison,  but 
not  very  virulent. 

The  symptoms  produced  by  it  are  very  similar  to  those  of  cholera, 
but  the  muscular  cramps  and  othar  symptoms  produced  in  cholera  are 
probably  caused  by  other  poisonous  substances. 
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Vegetable  Tozint.— The  most  important  of  these  are  ricin,  occur- 
ring in  castor-oil  beans,  Ricinus  communis;  abrin,  occurring  in  the  seeds 
of  jequirity;  croHn,  ocauring  in  the  seeds  of  Croton  Hglium,  from  which 
croton  oil  is  obtained;  and  robin,  found  in  the  bark  of  RMna  pseudo- 
acacia.  These  are  all  poisonous  to  man  and  animab,  and  are  very 
much  alike  in  properties  and  poisonous  action.  The  chemical  nature 
of  these  toxins  has  not  been  definitely  settled.  They  are  probably 
not  proteins,  but  adhere  so  strongly  to  the  proteins  with  which  they  are 
combined  or  associated  in  the  plant  that  it  is  difficult  to  separate  them. 
Ricin  is  precipitated  from  its  solutions  in  an  impure  state  by  a  60  per 
cent,  saturation  with  (NHJ^SO^.  It  is  soluble  in  10  per  cent,  sodium 
chloride.  It,  therefore,  closely  resembles  globulin  in  its  behavior,  as  do 
the  bacterial  toxins.  The  impure  ricin  is  not  destroyed  by  tr3rpsin 
digestion,  while  the  associated  protein  is  digested.  By  saturating  the 
solution,  after  digestion,  to  the  extent  of  60  per  cent,  with  (NHJ^SO^, 
the  ricin  is  precipitated  nearly  pure.    This  precipitate  does  not  give 
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the  protein  reactions,  while  its  toxic  properties  arc  very  active.  Ridn 
and  probably  the  other  toxins  are  not  proteins,  but  some  closely  allied 
but  unclassified  compound.  The  toxins  present  many  dose  analogies 
with  the  enzymes.  They  are  all  closely  allied  also  to  the  proteins. 
They  are  not  destroyed  by  boiling,  as  the  enzymes  are.  Alcohol  does 
not  dissolve  ricin  and  does  not  injure  it  Ricin  is  highly  poisonous; 
0.180  gram  of  it  is  sufficient  to  kill  a  man.  It  has  a  distinct  period 
of  incuHation  of  about  twenty-four  to  thirty  hours.  The  first  effect  is 
fever,  then  clonic  convulsions,  then  pai'alysis,  dyspncea,  feeble  respira- 
tions, and  death.  It  has  no  action  on  the  heart,  but  pntxluces  an  active 
leucocytosis,  and  a  clumping  of  the  red  cells  of  the  blood,  followed  by 
hemolysis. 

After  repeated  injections  of  small  doses  the  animal  becomes  immune 
and  the  blood  contains  antiricin.  In  this  respect  these  vegetable  toxins 
exactly  resemble  the  bacterial  toxins. 

Animal  Toxins. — The  most  important  of  these  are  those  contained 
in  the  venom  of  poisonous  snakes,  the  conger-eel,  certain  spiders,  etc. 
The  venom  of  snakes  is  secreted  by  the  poison  glands,  although  the  blood 
of  the  cobra  and  some  other  poisonous  snakes  is  poisonous.  The  venom 
is  a  transparent  viscid  liquid  which  when  expc^ed  to  air  congeals  into 
masses.  The  poison  acts  most  energetically  when  injected  into  the 
veins,  less  so  when  injected  subcutaneously,  and  is  without  poisonous 
action  when  taken  by  the  mouth.  One  four-millionth  of  die  bodyr 
weight  when  injected  will  produce  death.  There  is  an  increase  of 
venom  in  the  glands  of  the  snake  proportional  to  the  length  of  time 
since  the  snake  has  bitten.  The  bite  of  a  hibernating  snake  is  most 
dangerous  in  the  spring. 

The  chemical  nature  of  snake  poison  is  unknown,  but  it  is  probably 
not  a  protein,  although  associated  with  proteins.  It  is  not  destroyed  by 
dilute  phenol,  merciuric  chloride  in  i  to  1000  solution,  copper  sulphate, 
iodine,  potassium  iodide,  alcohol,  ether,  chloroform,  ammonia,  or 
essential  oils.  It  is  destroyed  by  a  one  per  cent  solution  of  potassiiun 
permanganate,  and  gold  chloride  (i  per  cent).  Snake  venom  contains 
three  distinct  poisons:  neuro- toxin,  acting  on  the  central  nervous  system; 
hemolysin  and  hemorrhagin,  acting  on  the  blood.  The  heart  is  not 
affected.  When  snake  venom  is  injected  into  an  animal  in  less  than 
the  lethal  dose,  an  antitoxin  is  formed  and  the  animal  becomes  immune 
to  the  poison.  The  senmi  of  the  blood  of  such  an  animal  contains  a 
true  antitoxin  and  has  been  prepared  and  used  successfully  after  snake 
bites. 

Bacterial  Toxins. — The  disease-producing  bacteria  form,  as  a 
result  of  their  growth,  certain  substances  which  are  more  or  less  poison- 
ous.   Pure  cultures  of  the  anthrax  bacillus  produce  a  substance  which| 
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if  inoculated  into  animals,  renders  them  immime  from  anthrax.  Many 
specific  organisms,  though  not  ail,  produce  a  toxin,  or  poison,  and  an 
antitoxin,  or  protective  principle.  The  baciUus  of  diphtheria  produces  a 
toxin  which,  when  injected  into  animals,  produces  diphtheritic  symptoms. 

Toxins  are  the  poisonous  products  of  bacterial  growth.  Some  of 
them  are  bases  or  ptomaines,  while  others  are  poisonous  proteins. 
The  term  is  often  Umlted  to  the  poisons  produced  by  pathogenic 
bacteria,  or  those  producing  the  infectious  fevers.  The  toxins  are  pro- 
duced in  the  bodies  of  the  bacteria.  In  some  cases  they  pass  out  into 
the  cultiu^  medium  in  which  the  bacteria  grow,  when  the  solution  has 
toxic  properties,  and  the  toxin  is  said  to  be  an  extracellular  toxin. 

Other  bacteria  produce  toxins  which  do  not  pass  into  the  solution, 
unless  the  bodies  of  the  bacteria  are  crushed.  These  are  called  intra- 
cellular toxinSy  and  the  culture  medium  has  no  toxic  effect,  or  only  a 
slight  effect.  An  antitoxin  is  a  defensive  substance  of  unknown  com- 
position formed  in  the  blood  of  an  animal  as  the  result  of  the  presence 
of  a  toxin.  Antitoxin  combines  with  the  toxin  to  form  a  non-toxic 
compound.  The  presence  of  a  specific  antitoxin,  in  the  blood  of  an 
animal,,  produces  immunity  for  that  disease. 

A  bacterial  vaccine  is  a  killed  culture  of  pathogenic  bacteria  used 
to  inject  under  the  skin,  as  a  curative  agent,  in  the  treatment  of  certain 
infectious  diseases. 

It  is  employed  chiefly  in  those  infections  which  are  produced  by 
organisms  forming  intracellular  toxins. 

It  produces  active  immunity  and  thus  checks  the  progress  of  the 
disease. 

Lysins  are  cell-destroying  substances  occurring  or  developed  in  the 
serum  of  an  animal.    The  process  is  called  cytolysis. 

Agglutinins  are  substances  occurring  naturally  in  the  blood-serum 
of  certain  animals,  or  developed  in  others  by  a  disease,  which  has  the 
property  of  checking  the  growth  of  the  bacteria  of  that  disease,  and 
causing  them  to  gather  together  into  tangled  masses  or  cliunps.  This 
property  is  the  basis  of  Wioal's  test  for  typhoid  fever. 

Precipitins  are  substances  produced  in  the  serum  of  an  animal  as 
the  result  of  injecting  proteins  into  it,  and  which  have  the  property  of 
precipitating  from  its  solutions  the  protein  injected.  This  method  has 
been  used  in  forensic  examinations  of  blood  stains  to  positively  distin- 
guish human  from  every  other  blood,  except  that  of  the  ape  or  monkey. 
It  will  distinguish  milks  from  different  species  of  animals.  It  may  be 
used  to  detect  horse  meat  in  sausage  or  other  composite  meats. 

Curative  sera  are  prepared  by  injecting  toxins  into  an  animal  in 
small,  repeated  doses,  thus  allowing  the  animal  to  produce  antitoxin 
in  large  quantity.    The  animal  is  then  bled,  the  blocxi  allowed  to  clot. 
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and  the  separated  serum,  preserved  with  some  antiseptic,  is  standard- 
ized by  anmial  e3q>ariments.  Such  protective  sera  have  been  prepared 
for  the  treatment  of  diphtheria,  cholera,  streptococcus  infection,  an- 
thrax, bubonic  plague,  tetanus,  typhoid  fever,  etc  These  are  some- 
times used  as  immunizing  and  sometimes  as  curative  agents. 

Serum  antidiphthericum  (U.  S.  P.)  or  diphtheria  antitoxiii  b 
a  yellowish  or  yellowish-brown  transparent  or  slightly  turbid  liquid 
soimi  separated  from  the  coagulated  blood  of  a  horse  immunized 
through  the  inoculation  with  dq>htherit!c  toxin. 

The  standard  of  strength^  expressed  in  units  of  antitoxic  power, 
should  be  that  established  by  the  U.  S.  Public  Health  and  Marine  Hos- 
pital Service.    This  strength  is  marked  on  each  package. 

Botulimtis  Toxiiiy  or  Meat-poison.— This  is  a  toxm  discovered 
by  Van  Ermengen,  in  1896.  He  discovered  a  specific  anaerobic  bacillus 
in  a  ham  that  had  poisoned  a  number  of  people,  which  produced  a 
toxin  in  pure  cultures,  and  which  produced  in  animab  the  characteristic 
symptoms  of  meat  poisoning,  technically  known  as  botuliamus  (from 
batuluSf  a  sausage). 

Kempner  prepared  an  antitoxin  in  animal  eiq>eriments,  showing  the 
analogy  between  this  toxin  and  that  of  the  specific  diseases.  The 
qrmptoms  of  botulismus  are  increase  of  salivary  secretion,  dilatation 
of  the  pupil,  strabismus,  and  disturbances  of  speech,  retention  of 
urine,  but  no  fever  or  brain  symptoms. 

Several  observers  have  noted  certain  degenerative  changes  in  the 
nerve-cells  of  the  spinal  cord  in  animab  treated  with  thb  toxin.  Other 
poisons  probably  occur  in  the  various  meats,  and  in  other  foods  pro- 
ducing poisoning. 

Untu  recently,  food  poisoning — i.  «.,  cheese  poisoning,  ice-cream 
poisoning,  sausage  poisoning,  fish  poisoning,  clam  and  oyster  poison- 
mg,  etc. — ^was  believed  to  be  due  to  alkaloidal  substances  classed  as 
ptomaines.  The  above  mentioned  discovery  seems  to  indicate  that 
many,  at  least,  of  such  poisons  are  poisonous  proteins  instead  of  al- 
kaloids, closely  allied  to  the  toxins  of  diphtheria,  tetanus,  and  other 
contagious  diseases. 

Until  more  b  known  of  these  poisons  we  must  look  upon  cases  of 
such  poisoning  as  simply  food  poisoning. 

The  symptoms  of  food  poisoning  in  man,  although  varied  by 
tlie  character  of  the  poison  and  the  condition  of  the  individual  at  the 
time,  are  generally  those  of  a  powerful  gastro-intestinal  irritant.  There 
isi  usually  a  period  of  incubation  of  from  two  to  six  hours.  With  a 
given  article  of  food  undergoing  putrid  fermentation,  there  b  frequently 
a  remarkable  agreement  in  thb  period  of  incubation  in  different  per- 
sons, the  symptoms  in  all  beginning  within  a  few  minutes  of  the  same 
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time.  There  is  usually  sudden  and  severe  retching,  with  abdominal 
pain,  prostration,  disturbed  circulation,  and  often  delirium.  There 
is  sometimes  dilatation  of  the  pupils  and  redness  of  the  skin,  or  a  fine, 
scarlatina-like  eruption.  Thirst  is  usually  intense.  Diarrhea  is  fre- 
quent, but  not  always  present;  the  discharges  are  very  offensive.  Mus- 
cular twitchings,  and  even  convulsions,  may  be  met  with.  There  is 
a  tendency  to  collapse,  which  must  be  guarded  against.  The  tem- 
perature is  in  some  cases  elevated,  and  in  others  it  is  below  normal. 

The  above  description  applies  to  the  symptoms  usually  met  with  in 
cases  of  poisoning  by  food  in  a  state  of  beginning  decomposition. 

Cases  of  meat  poisoning  are  very  often  due  to  eating  of  the  meat  of 
cows  which  have  been  slaughtered  because  of  puerperal  fever  or  disease 
of  the  udder,  or  of  the  gastro-intestmal  organs.  The  meat  of  calves 
slaughtered  soon  after  birth  is  often  poisonous  because  of  infections  to 
which  they  are  subject. 

Fish,  oysters,  mussels  and  clams  may  become  poisonous  when 
taken  from  poUuted  waters.  They  are  in  such  instances  usually  in- 
fected with  paratyphoid,  or  other  varieties  of  the  colon  bacillus.  Oysters 
have  been  known  to  transmit  typhoid  fever,  when  they  are  exposed  to 
water  containing  sewage.  Ice  cream  and  puddings  have  given  many 
cases  of  poisoning.  So  far  as  accurate  investigation  has  revealed  the 
cause,  it  has  shown  it  to  be  the  paratyphoid  bacillus  or  the  badUus 
enteritidis. 

Potato  poisoning  has  often  been  attributed  to  solanin,  but  more 
recent  study  makes  it  probable  that  it  is  due  to  bacterial  growth. 
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The  giucosides  are  a  class  of  compounds  widely  distributed 
throughout  the  vegetable  kingdom.  They  may  be  resolved  into  a 
sugar  and  another  compound  by  acids,  alkalies,  or  certain  ferments. 
They  are  probably  esters  of  dextrose,  or  a  related  sugar.  They  show  a 
wide  range  of  properties  and  composition.  Solanin,  for  example,  is  a 
base,  while  others  have  a  distinct  acid  reaction.  They  are  usuaUy 
soluble  in  water  and  alcohol.  Most,  but  not  all  of  them,  reduce 
Fehling's  solution.  They  are  not  decomposed,  as  a  rule,  by  water,  but 
are  easily  decomposed  by  heating  with  dilute  HjSO^  or  HCl.  Many 
of  them  are  optically  active.  A  few  of  them  occur  in  the  animal  body. 
Many  of  them  are  used  in  medicine.  We  can  mention  here  but  a  few 
of  the  more  important  of  these  bodies. 

Amygdaliiiy  C^Jti^Ou,  occurs  in  bitter  almonds,  in  the  kernels 
of  cherries,  plums,  and  apricots,  and  in  the  leaves  of  the  laurd.    Ex- 
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tracted  from  almonds  by  boiling  alcohol,  and  precipitated  by  add- 
ing ether,  it  is  obtained  as  pearly  scales.  When  emulsin  (the  fer- 
ment of  bitter  almonds)  is  added,  it  splits  up  into  hydrocyanic  acid, 
HCN,  benzaldehyde,  QH,COH,  and  dextrose. 

Arbutini  C^HigOy,  is  extracted  from  the  leaves  of  Uva  ursi.  It  is 
soluble  in  water,  has  a  bitter  taste,  and  is  crystalline.  Emulsin  and 
diluted  acids  split  it  into  dextrose  and  hydroquinon. 

Antiariiii  Ci^H^qOs  .  aH^O,  is  the  active  principle  of  the  arrow- 
poison  of  Java;  crystalline,  soluble  in  water  and  alcohol.  It  is 
obtained  from  the  milky  juice  of  AtUiaris  toxicaria, 

Coniferiiii  CieH„Og .  2H2O,  occurs  in  the  cambium  sap  of  the 
conifera,  and  crystallizes  in  stellate  groups  of  prisms.  With  emulsin  it 
yields  dextrose  and  coniferyl  alcohol.  This  latter,  when  treated  with 
sulphuric  acid  and  potassium  dichromate,  yields  artificial  vanilliiii  a 
body  identical  with  that  obtained  from  the  vanilla  bean.  It  is  now 
manufactured  on  a  large  scale. 

Convoivuliiiy  C,|I^O|0,  is  the  active  principle  of  jalap — a  resinous 
mass,  soluble  in  alcohol  and  alkalies.  Jalapiiii  C^I^Oie,  exists  with 
the  above  in  jalap. 

Digitalin  is  a  poisonous  substance  existing  in  common  fox-glove; 
it  forms  an  amorphous  powder  having  an  intensely  bitter  taste. 

It  is  readily  soluble  in  water  and  absolute  alcohol.  Three  glucosidc 
principles  have  been  described  as  occurring  in  digitalis — digitalein, 
digitonixiy  digitalin.  Digitalein,  whose  formula  is  QHgOj,  occurs 
as  a  yellowish,  amorphous  powder,  freely  soluble  in  water  and  alcohol. 
It  is  said  to  combine  die  properties  of  digitalin  and  digitoxin. 
Digitoxin,  C^H^Oj,  is  a  white,  crystalline  body  of  a  bitter  taste, 
readily  soluble  in  chloroform,  but  insoluble  in  water.  When  subjected 
to  hydrolysis  it  does  not  yield  sugar,  but  other  products. 

Esculiiiy  C^HieOg,  and  esculetiiiy  C^Hi^O^,  occur  in  the  bark  of 
the  horse-chestnut  tree;  sparingly  soluble  in  cold,  more  freely  in  hot 
water;  are  crystalline  and  have  a  bitter  taste. 

Fraxiiiy  C^iHsgO,,  is  found  in  the  bark  of  the  ash  and  horse-chest- 
nut trees,  and  forms  colorless,  needle-like  crystals,  soluble  in  water, 
furnishing  a  bitter,  fluorescent  solution. 

Giycyrrhiziiiy  or  licorice-sugar^  CmH,o^0»  ^  ^^  sweet  princi- 
ple of  licorice.  It  is  a  yellow,  amorphous  powder,  having  a  sweet, 
acrid  taste.  It  is  soluble  in  water  and  alcohol.  Acids  split  it  into  a 
sugar  and  glycyrrhetin. 

Helleborixiy  CvH^Oe,  is  found,  together  with  helleboreiiiy  C^^- 
0|5,  in  the  root  of  green  hellebore.  It  is  insoluble  in  water,  and 
forms  glistening  needles.    It  is  a  powerful  poison. 

InScan,  CJiJ^fi^  occurs  in  all  plants  }rielding  indigo.    It  b  a 
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pale  brown,  syrupy  liquid,  having  a  bitter  taste.  When  allowed  to 
ferment,  or  when  treated  with  diluted  acids,  it  forms  indigo-blue  and 
indiglucin,  a  form  of  sugar.  Indigo  has  been  prepared  synthetically^ 
from  cinnamic  add,  which  may  be  prepared  from  toluene.  A  sub- 
stance called  mdican  is  found  in  the  urine,  but  this  is  not  identical 
with  plant-indican. 

Picrotoxiiiy  CioH^Oi^  colorless,  lustrous,  bitter  needles,  obtained 
from  the  fruit  of  AnamirUi  panicukUa.  It  reduces  alkaline  copper 
solutions.  It  has  an  intensely  bitter  taste,  and  is  soluble  in  alcohol 
and  in  water.    It  is  employed  in  medicine. 

PopuUiii  CjoH^Og,  occurs  with  salicin,  in  the  bark  and  leaves  of 
the  aspen.  It  forms  small  prisms  having  a  sweet  taste.  Boiled  with 
barium  hydroxide,  it  yields  salicin  and  benzoic  acid. 

Fbloiidziiiy  Cjiffito .  aH^O,  occurs  in  the  root-bark  of  the 
apple,  plum,  pear,  and  cherry  trees,  and  is  soluble  in  alcohol.  It  is 
soluble  in  hot  water,  from  which  it  crystallizes  in  silky  needles  having 
a  bitter  taste.  Boiled  with  diluted  acids,  it  yields  glucose  and  phlo- 
retin.  When  given  either  by  the  mouth,  or  injected  subcutaneously 
or  intravenously,  it  causes  an  artificial  *  glycosuria.  The  urine  is 
found  to  contain  from  five  to  fifteen  per  cent,  of  glucose,  without  any 
of  the  other  sign^  of  diabetes.  It  is  used  in  physiological  experimenta- 
tion to  produce  an  artificial  glycosuria. 

PolychroVtey  CJi^O^,  is  the  coloring  matter  of  safi^on,  and  forms 
an  amorphous,  deliquescent,  ruby-red  mass. 

Quercitriny  CjeHjjOjo,  or  flavin^  Cj^Hj^Ou,  occurs  in  tea,  quercit- 
ron, sumach,  grape-wine,  catechu,  etc.  It  is  slightly  soluble  in  water, 
soluble  in  alcohol,  and  forms  small,  yellow  crystab,  which  may  be  par- 
tially sublimed  in  beautiful  yellow  needles.  It  is  colored  green  by  FejCl^. 

Saliciny  salicinum  (U.  S.  P.),  C|3H|,07,  has  ahready  been  described 
under  salicylic  acid,  q.  v. 

Santonin,  santoninum  (U.  S.  P.),  C^HifO,,  is  a  glucoside 
with  acid  properties  obtained  from  Artemisia  pauci flora.  It  crystal- 
lizes in  colorless,  tasteless,  odorless,  rectangular  prisms,  which  turn 
yellow  on  exposure  to  the  light.  It  b  sparingly  soluble  in  hot  water, 
alcohol,  and  ether,  and  insoluble  in  cold  water.  Patients  taking 
santonin  excrete  the  coloring  matter  by  the  urine,  which  assumes  a 
yellow  color,  which,  on  treatment  with  an  alkali,  changes  to  cherry- 
red  or  crimson.  This  color  is  discharged  by  an  acid.  The  coloring 
matter  is  also  deposited  in  various  other  tissues,  and  when  a  patient  b 
taking  large  doses  objects  appear  green  from  the  staining  of  the  tissue 
of  the  eye. 

Saponin,  CJi^fi^,  occiu^  m  quiUaia^  or  soap-tree  bark,  and 
other  plants.    It  b  soluble  in  water  and  alcohol.    Its  solution  behaves 
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like  soap  solutions.  It  is  poisonous,  but  it  is  sometimes  added  to 
soda-water  to  produce  a  permanent  froth.    Its  dust  causes  sneezing. 

Solaniiiy  C^jH^Oje,  occurs  in  sprouted  potatoes.  It  is  a  glu- 
coside;  soluble  in  alcohol,  nearly  insoluble  in  water,  and  forms  gum- 
like salts.  It  breaks  up  by  hydrolysis  into  sugar  and  a  base,  solani- 
dine,  which  retains  the  poisonous  properties.  Cases  of  poisoning  have 
occiured  from  eating  sprouting  potatoes,  especially  from  cooking  them 
with  the  skins  on. 

Strophanthine  CjpHj^Ojo,  is  a  glucoside  obtained  from  stro- 
phanthus,  in  the  form  of  white,  bitter,  crystalline  plates;  slightly 
soluble  in  water,  soluble  in  alcohol,  and  insoluble  in  ether,  carbon 
disulphide,  or  benzene. 

The  tannins  form  a  group  of  glucoside  adds  foimd  widely 
distributed  in  plants.  They  are  soluble  in  water,  have  an  acid  reac- 
tion, an  astringent,  bitter  taste,  and  form  an  insoluble  compoimd  with 
gelatm  and  albumin.  They  unite  with  animal  skin,  forming  leather. 
With  ferric  salts  they  form  blue-black  or  green  precipitates.  They 
are  used  in  the  preparation  of  inks,  in  dyeing,  and  in  tanning. 

Gallotannic  acid,  acidtim  tannictim  (U.  S.  P.,  Br.),  CuHgOy.- 
COOH,  a  monobasic  acid,  occurs  in  oak-bark,  nut-galls,  sumach,  and 
some  other  plants,  in  considerable  quantities.  It  may  be  extracted 
with  a  mixture  of  ether  and  alcohol.  It  is  an  amorphous,  shining 
mass.  Ferric  salts  give  with  it  a  bluish-black  precipitate  (ink) ;  tartar 
emetic,  a  white  one.  It  precipitates  starch,  gelatin,  albumin,  and 
most  alkaloids.  Its  watery  solution  decomposes  when  exposed  to 
the  air  for  some  time,  yielding  gallic  acid.  Diluted  mineral  acids, 
when  boiled  with  it,  give  gallic  acid  and  dextrose. 

Quinic  or  quinotannic  acid,  CyH^Oe,  occurs  chiefly  in  cinchona- 
barks  as  a  salt  of  quinine,  but  is  also  found  in  the  bilberry  and  coffee- 
bean.  It  occurs  as  oblique,  rhombic  prisms.  It  is  soluble  in  water. 
On  dry  distillation  it  yields,  among  other  products,  benzoic  acid  and 
phenol. 

Other  tannic  acids  are  known,  as  caflfetanniCy  of  coffee;  querci- 
tanniCi  of  oak;  catechutaiiniCi  of  catechu;  kinotanniCy  of  kino, 
etc.,  which  vary  slightly  in  properties  and  composition  according  to 
their  source. 


THE  PROTEINS. 

The  proteins  are  a  group  of  highly  complex  compounds  of  carbon, 
hydrogen,  oxygen,  nitrogen,  and  sometimes  sulphur  and  phosphorus, 
forming  the  chief  part  of  the  solid  constituents  of  blood,  mus  le, 
lymph,  glands,   and  other  organs  of  animals,  and   also   jfound    ui 
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plants,  principally  in  the  seeds.  They  are  the  principal  substances 
taking  part  in  the  chemical  changes  in  the  organism,  and  constitute 
the  physical  basis  of  life.  They  are  mostly  colloid  (not  crystalline), 
do  not  readily  diffuse  through  animal  membranes,  and  are  very  prone 
to  decomposition.  They  all  contain  some  ash,  mostly  in  the  form  of 
calcium  phosphate.  Independent  of  the  ash,  they  have  about  the 
following  composition: 

Carbon, 50    1054    percent. 

Hvdrogen, 6.710   7.6       " 

Nitrogen, 13     to  18  " 

Oxyeen, 21     to  26  " 

Sulphur, 0.4  to    1.6       ** 


GSHERAL  PROPERTIES  OF  THE  PROTEINS. 

Solubility. — Most  proteins  are  insoluble  in  alcohol,  some  are  soluble 
in  water,  others  insoluble.  Some  of  those  insoluble  in  water  are  sol- 
uble in  weak  saline  solutions.  Some  are  insoluble  in  concentrated 
saline  solutions,  while  others  are  soluble.  All  proteins  are  soluble 
with  the  aid  of  heat,  with  more  or  less  decomposition,  in  concentrated 
mineral  acids,  caustic  alkalies,  and  acetic  acid.  Most  of  them  are 
soluble  in  the  gastric  and  pancreatic  juices,  but  they  undergo  chem- 
ical change  diuing  solution. 

Heat  Coagulation.— Many  of  the  proteins  which  are  soluble  in 
water  or  NaCl  solutions  are  rendered  insoluble  when  these  solutions 
are  heated  to  near  the  boiling  point.  This  precipitation  is  termed 
coagulation.  The  temperature  at  which  ihe  proteins  coagulate  is 
fairly  constant  for  the  same  substance,  and,  as  different  proteins  coag- 
ulate at  different  temperatures,  this  method  may  be  employed  for  the 
separation  of  mixtures  of  different  proteins.  Unless  in  very  concen- 
trated solutions,  they  are  not  coagulated  bv  heat  in  alkaline  solutions, 
but  are  converted  into  alkali-protein.  Acid-protein  does  not  form  so 
readily  as  alkali-protein,  and  hence  slightly  acidulated  albumin  solutions 
coagulate  readily  when  heated.  An  excess  of  add,  however,  dissolves 
the  precipitate,  thus  forming  an  acid-protein.  The  temperatiu^  of 
coagulation  of  the  different  proteins  varies  between  73®  and  84®  C. 
(163.4®  and  183.2®  F.)  for  albumins,  and  between  50®  and  75®  C.  (122® 
and  167®  F.)  for  globulins. 

All  the  proteins  are  levorotatory.  If  pure  and  in  solution,  they 
may  be  detected  and  estimated  by  tiieir  specific  rotatory  power.  The 
specific  rotatory  power  of  serum-albumin  is  — 56;  egg-albumin,  — ^35; 
serum-globulin,  — 59.7. 


'HXYHnns  vaaaoo 


'HxvHdins 

>ia4i4i03  HxiM 

aaixovoAH  Hniaos 


1    •        "S? 


r 


^  Q, 


< 


*aaiaoi  Divnoiiai^ 

■ssvioj  (C)  no  *axvxs 

-ONfix  wniaos  (c) 

*aiov  omaij  (i) 

HxiM  aiay  oixaoy 


F^ 


^  = 


HXIM  NINNVX  VO 

noHOOTV  axmosav 


F 


p  =  .  :  : 


•(anoo) 
•DNHHuxm 


pUB  SpfOB 
3|«9MUI 
lot  XlI«Ba 


I 


S, 


P< 
Pni 

i 


u 

o 

p< 

c 

> 

< 

u 


*aaiNV 
-ADoaaaj  *88v±o«{ 
HJ.IM  aiDv  ouaoy 


F 


F"'' 


i" 


J 


•*os»(niN) 

HXIM  NOUVaOLVS 


F"* 


i 


VO  lOBf^  dO  NOIX 

-mos  aaivaxiivs 


h,: 


■i         § 


'loqodqM 
atqntos 


•(jiSoii)iDBK 
iio  NOLLAios  avaM 


•auiiioq 
uo  -pidj 


(/)(/)       en 


•MoixvnnovoD 
iio  aanxvvadHax 


uuuuu 

o  o  o  o  Q 


ZS 


HO  cnoo)  HaxvM 
Ni  Axiiiannos 


S     --:: 


cn     S       0) 


& 


=38 


1^' 


Afcc^;?6 


486 


THE  PROTEINS.  487 

CONSnTUTION  OF  PROTEINS. 

So  far  as  at  present  known,  all  proteins  can  be  broken  up  by  hydrolysis 
into  a  considerable  number  of  amino-acids  and  their  derivatives.  This 
hydrolysis  is  usually  accomplished  by  heating  with  water  and  either 
alkalies  or  mineral  acids.  It  may  abo  be  accomplished  by  certain 
enzymes,  and  especially  by  trypsin. 

The  word  'protein/'  theiiy  is  used  to  designate  a  group  of 
substances  which  consist  essentially  of  combinations  of  amino- 
acids  and  their  derivatives.  The  foUowing  is  a  list  of  these  cleavage 
products  of  proteins  thus  far  isolated.  For  convenience  they  have  been 
given  simple  names  which  do  not  express  their  constitution;  we  therefore 
give  these  names  foUowed  by  the  true  chemical  names. 

(A)  Open-chain  mon-amino-acids : 

I.  6l7COCOll,Glycin,oramino-aceticacid:  CH,(NH,)CO.OH. 
3.  Aliinin,  or  amino-propionic  acid:  CH, .  CH(NH,) .  CO  .  OH. 

3.  VaUn,  or  amino-isovaleric  add:  (CHJ, ..  CH .  CH(NH,)CO  .  OH. 

4.  Leudn,  or  isobutyl-amino  acetic  add:  (CH,), ..  CH  .  CH, .  CH(NH,)CO  . 
OH. 

Iio-Lencin,  or  probably  Beta-amlno-caproic  acid. 

5.  Serin,  or  alpha-amino-beta-hydrozy-propionic  add:  HO  .  CH, .  CH(NH,) . 
CO .  OH. 

6.  Amino-tetrahydrozy-caproic  add :  CH,(OH)  .  CH(OH)  .  CH(OH) . 
CH(OH)  .  CH(NH,)  .  CO  .  OH  .. 

7.  Aspartic  add,  or  amino-sucdnic  add:  HO  .  OC .  CH, .  CH(NH,)  .  CO  . 
OH. 

8.  Glutamic  add,  or  amino-glutaric  add:  HO.  OC  .  CH, .  CH, .  CH(NH,)  . 
CO .  OH. 

9.  Amino-hydrozy-micdnic  add :  HO  .  OC .  CH(OH)  .  CH(NH,) .  CO  . 
OH. 

10.  Amino-hydrozy-mberic  add :  HO .  OC .  CH(OH) .  (CH,)* .  CH(NH,) . 
CO .  OH. 

(b)  Open-chain  diamino-acids: 

II.  Diamino-propionic  add:  CH,(NH,)  .  CH(NH,) .  CO  .  OH. 

12.  Lytin,  or  Diamino-caproic  add:  CH,(NH,) .  (CH,)* .  CH(NH,) .  CO  .. 
OH. 

13.  Arginiii,  or  Guanidin-amino-valeric  add:  (NH) ..  C(NH,)  .  NH .  (CH,), . 
CH(NILKCO .  OH. 

Omithin,  or  Diamino-valeric  add,  a  derivative  of  arginin. 

14.  Diamino-triozy-dodecanoic  add :  Ci2HmN,0|. 

15.  Diamino-glutaric  acid :  C|H„N,04. 

16.  Diamino-adipic  acid :  C,Hi,N,0^. 

17.  Diamino-dihjrdrozy-suberic  acid :  C,Hi,N,0«. 

18.  Diamino-ozy-flebadc  acid :  CioHmN,0|. 

19.  Caseanicacid:  C,H„N,0,. 
ao.  Cateinic  add :  CnHi,N,0|. 
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(B)  Closed-chain  amino-acids : 

21.  Histidiily  or  Aroino-imido-azol  propionic  acid:  G^HfNjO]. 

22.  Prolin,  or  Pyrrolidin-carboxylicacid:  C|HtNO|. 

23.  Hydrozy-prolin,  or  Hydroxy-pyrrolidin  carboxyiic  add:  C|H|NO,. 

24.  PhenyUliuiin,  or  Phenyl-amino-propionic  add:  CfHuNO). 

25.  Pfaenyl-ethylamin:  CsH,iN. 

26.  Tyrosiny  or  Hydroxv-phenyl-amino  propionic  acid:  CfHjjNO,. 

27.  Tryptophan,  or  Inaol-amino-propionic  add:  CuHuNsO,. 

28.  Ammonia:  NH,. 


29.  Cystin:   C^uONA- 
cysiin  and  stone  cysHn, 


Two  distinct  varieties  are  known,  called  protetn 


The  results  of  hydrolysis  show  that  the  various  (n-oteins  are  chiefly 
composed  of  the  above  units  combined  in  varying  proportions.  In 
some  of  them  one  or  more  of  these  units  are  missing,  whUe  others  are 
present  in  larger  amounts.  This  is  shown  in  the  following  table  giving 
the  result  of  the  hydrolysis  of  a  few  selected  proteins,  based  upon  100 
grms.  of  ash-free  dried  material. 

The  acids  obtained  seldom  account  for  more  than  70  per  cent,  of 
the  protein  used.  There  are  other  decomposition  products,  which  ap- 
pear as  syrupy,  nonorystallizable  substances  of  unknown  composition. 


AMINO-ACIDS  FORMED  BY  HYDROLYSIS  OF  A  FEW  OF  THE  COM- 
MON  PROTEINS. 


SnuM- 

ALBD- 


Eoo- 

ALBUION. 


Sbsum- 
ounu- 

LIN. 


GUADIN 

noM 
Wheat. 


Lbgd- 
Mmor 

BSAN. 


Caskim 

OP  Cows' 

Mnjc. 


Gbla- 


Glycocoll 

Alanin 

Valin 

Leudn 

Isoleudn 

Phenylalanin 

Tyrosin 

Serin 

Cystin 

Proline 

Hydroxyprolin 

Aspartic  Add 

Glutamic  Add 

-Tryptophan 

Arginin 

■L<ysin.  ••••••••••• 

Histidin 

Ammonia 


o 
2.7 

20.0 

3-1 
2.1 
0.6 

I.O 

31 
7.7 


o 
8.1 

7.1 

4.4 
I.I 

0.2 
2.25 

1-5 
8.0 


3-5 
2.2 

+ 
18.7 

3.8 
2.5 


:l 


8.5 

+ 


0.02 
2.00 
0.21 
S.61 

2-35 
1.20 

0.13 
0.45 
7.06 

ofsS 

37.33 
+ 
3.16 

0.61 
5." 


i.o 
2.8 
1.0 
8.2 

2.0 
2.8 


2.3 

4.0 
16.3 

4.6 

5.1 
I.I 


0.0 
0.9 
1.0 

3-2 
4.5 
0.23 
0.06 

3.1 
0.25 
1.2 
1 1.0 

4.84 
S.80 

2.59 
1.60 


1:1 

1.0 
2.1 
•  •  ^ 
0.4 
0.0 
0.4 

S-a 
3.0 
0.6 
0.9 
0.0 

7$ 
2.8 

0.4 
0.4 
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GENERAL  REACTIOIIS  OF  PROTBINa 

1.  Zanthoprotoic  Reaction.— Heated  with  strong  HNO„  they  and  their 
Bolutioiis  turn  yellow,  and  deepen  into  an  orange  color  on  adding  NILOH,  NaOH, 
orKOH.  If  proteins  be  present  (except  albumoses  and  peptones)  a  white  or 
yellow  Dredpitate  is  always  obtained  on  adding  the  acid. 

2.  Millon't  Reaction.— If  a  few  drops  of  Millon's  solution  be  added  to  a  sohi- 
tion  of  the  proteins,  a  white  precipitate  occurs,  which,  on  heating,  becomes  brick- 
red  in  color.  If  they  are  present  only  in  traces  no  precipitate  is  obtained,  but  the 
solution  is  colored  red. 

Millon'a  reagent  is  prepared  as  follows:  One  part  by  weight  of  mercury  and 
two  of  strong  HNO,  are  miiud  and  gently  wanned  until  the  mercury  is  dissolved. 
The  solution  is  diluted  with  twice  its  volume  of  water,  and  the  precipitate  idlowed 
to  settle. 

3.  Adamkiewicz'a  Reaction.— Add  an  excess  of  glacial  acetic  add,  and  then 
concentrated  HJSO«.  A  violet  color  with  a  feeble  fluorescence  is  formed  if  proteins 
are  present    lliis  reaction  is  not  delicate. 

4.  Liebermann'a  Reaction.— When  albumin  is  predpitated  with  alcohol  and 
washed  with  ether,  it  ^ves  a  deep  violet  color  when  heated  with  HCl. 

5.  Biuret  Reaction. — When  mixed  with  an  excess  of  a  strong  solution  of 
NaOH,  and  one  or  two  drops  of  a  diluted  solution  of  CuSO^  be  added,  a  violet 
color  is  obtained,  which  deepens  in  tint  on  boiling.  In  presence  of  albumoses  and 
peptones,  the  color  is  rose-red  with  KOH  and  reddish-violet  with  NH4OH. 

The  above  tests  serve  to  detect  traces  of  protdns,  and  depend  u^n  the  develop- 
ment of  colors.  The  following  reactions  depend  upon  the  predpitation  of  the 
protein  from  its  solution. 

6.  Make  the  fluid  strongly  add  with  acetic  add  and  add  a  few  drops  of  a 
solution  ol  K4Fe(CN)t.  A  predpitate  shows  the  presence  of  proteins,  except 
peptones  and  some  forms  of  albimiose. 

7.  Render  the  fluid  stronslv  add  with  acetic  add,  and  add  an  equal  volume 
of  a  concentrated  solution  of  Na^SOf,  and  boil.  This  predpitates  all  proteins 
except  peptones.  This  test  is  useful  because  it  effects  a  very  complete  sepanttion  of 
proteins,  except  peptones,  and  the  reagent  employed  does  not  interfere  with  other 
tests  which  are  lucdy  to  be  performed  upon  the  solution,  after  the  removal  of  the 
proteins  by  filtration.  It  is  therefore  useful  to  separate  albumin  from  solutions 
Defore  testme  for  sugar. 

8.  The  following  precipitate  all  proteins:  Tannic  add  in  the  presence  of  a 
faint  excess  of  acetic  a^dd;  double  iodide  of  mercury  and  potassium  with  a  slisht 
excess  of  HCl  (Briicke's  reagent) ;  phosphotungstic  add  in  the  presence  of  a 
considerable  excess  of  HCl.  Various  neutral  salts,  more  purticularlv  ammonium 
sulphate,  zinc  sulphate,  and  magnesium  sulphate,  have  been  employed  for  the 
predpitation  and  separation  of  the  several  proteins. 

CLASSIFICATION  OF  THE  PROTEINS. 

Since  the  constitution  of  the  proteins  is  unknown  we  can  not  base 
a  classification  on  this  property,  as  we  do  in  most  organic  and  inorganic 
substances.  There  has  been  much  confusion  in  the  nomenclature  of 
the  proteins,  which  led  the  American  Ph3rsioiogical  Society  and  the 
American  Society  of  Biological  Chemists  to  attempt  a  S3rstematic  nomen- 
clature, which  is  as  follows:  By  this  system  the  proteins  are  divided 
into  three  groups:  Simple  Proteins,  Conjugated  or  Compound  Proteins, 
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and  Derived  Proteins.      The  term  "proteid"  is  abandoned  to  avoid 
confusion. 

Group  I. — Simple  Proteins. 
The   simple   proteins    include   seven   sub-groups.    These   simple 
proteins  yield  on  hydrolysis  only  alpha  amino-acids.    They  are  essen- 
tially those  heretofore  classed  as  tuUive  proteins. 

1.  Aibumin8|0r  simple  proteins  soluble  in  water  and  in  weak  saline 
solutions.  Their  solutions  coagulate  on  heating  and  are  not  precipitated 
by  saturation  with  NaCl  or  MgSO^. 

2.  Globulins,  or  simple  (n-oteins  insoluble  in  pure  water,  but  soluble 
in  one  per  cent,  salt  solutions,  coagulable  by  heat,  and  easily  soluble 
in  dilute  acids  and  alkalies.  They  are  almost  completely  precipitated 
from  their  solutions  by  saturation  with  NaCl,  MgSO^,  Na^SO^,  and 
other  neutral  salts. 

3.  GlutelinSy  or  simple  proteins,  mostly  of  vegetable  origin,  as 
gluteninof  wheat,  insoluble  in  all  neutral  solvents,  but  readily  soluble 
in  very  dilute  acids  and  alksdies. 

4.  Alcohol-soluble  proteins^  soluble  in  70  to  80  per  cent,  alcohol, 
insoluble  in  water,  absolute  alcohol,  and  all  neutral  solvents.  Mostly 
vegetable  proteins. 

5.  Sclero-proteinSy  or  Albuminoids^  are  simple  proteins  which 
are  very  insoluble  in  all  neutral  solvents,  as  collagen,  keratin,  chitin, 
amyloid,  etc. 

6.  Histones. — Simple  proteins,  soluble  in  water  and  insoluble  in 
very  dilute  ammonia;  in  the  absence  of  anmionium  salts  they  are 
precipitated  from  their  solutions  by  anunonia.  They  yield  precipitates 
with  solutions  of  other  proteins,  coagulate  with  heat,  the  coagulum 
being  easily  soluble  in  dilute  acids.  They  yield  a  large  number  of  amino- 
acids,  among  which  the  basic  ones  predominate.  They  therefore 
behave  like  bases. 

7.  Protamins. — Simpler  proteins  than  the  above.  They  are  soluble 
in  water,  do  not  coagulate  with  heat,  precipitate  aqueous  solutions  of 
other  proteins,  have  strong  basic  properties,  and  form  stable  salts  with 
the  mineral  acids. 


Group  II.— Conjugated  or  Compound  Proteins. 

These  contain  a  protein  molecule  combined  with  another  molecule 
or  molectdes,  not  as  a  salt.  They  are  analogous  to  the  glucosides  in  this 
respect. 

I.  Nucleoproteins  are  compounds  of  one  or  more  protein  molecules 
with  nucleic  acid. 
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2.  Glycoproteids  are  compounds  of  a  protein  with  a  substance 
containing  a  carbohydrate  group,  with  no  nucleic  acid. 

3.  Phosphoproteins  are  compounds  of  a  protein  molecule  with 
some  phosphorus-containing  substance  other  than  nucleic  acid;  as 
lecithin. 

4.  HemoglobinSi  or  Chromo-proteinSi  are  compounds  of  a  protein 
with  a  pigment  substance, — hematin. 

5.  Lecithoproteins  are  compounds  of  a  protein  with  lecidiin. 

Group  HI. — ^Derived  Proteins. 

Primary  Protein  DerivatiyeSi  or  those  apparently  formed  by 
sU^t  hydrolytic  changes  involving  sU^t  alterations  in  the  protein 
molecule. 

1.  Proteans  are  insoluble  products  resulting  from  slight  action  of 
water,  dilute  adds,  or  enzymes. 

2.  Metaproteins  are  those  derivatives,  heretofore  called  alburn^ 
inateSi  formed  by  the  action  of  weak  acids  and  alkalies  on  the  proteins. 

3.  Coagulated  Proteins  are  insoluble  products  formed  from  proteins 
by  heat,  or  the  action  of  akohols. 

Secondary  Protein  Derivatiyes. — 

1.  Proteoses,  or  AlbumoseSi  soluble  in  water,  uncoagulated  by 
heat,  and  precipitated  by  (NHJ^SO,  and  ZnSO,. 

2.  Peptones,  soluble  in  water,  not  coagulated  by  heat,  not  precipi- 
tated by  saturation  with  (NHJ^O^  or  other  neutral  salts. 

3.  PeptidSi  definite  chemical  compounds  of  two  or  more  amino- 
acids. 


GROUP  I.    SIMPLE  PROTEINS. 

Serum-albumin  exists  in  blood,  chyle,  lymph,  and  in  small 
quantity  in  milk.  In  certain  renal  diseases  it  appears  in  the  urine. 
When  its  neutral  solutions  are  heated  to  about  73®  C.  (163.4°  F.),  it 
coagulates  to  a  flocculent  precipitate,  which,  when  dried,  forms  a  com- 
pact, amorphous  mass. 

Its  solutions  have  a  specific  rotatory  power  of  — 56®.  Strong  min- 
eral acids  first  precipitate  it,  then  dissolve  the  coagulum.  It  is  not 
precipitated  by  acetic  acid  alone,  but,  when  acidifi^  with  this  acid, 
potassium  ferrocyanide  and  ferricyanide  coagulate  it. 

It  may  be  obtained  from  blood-serum  by  saturating  it  at  36**  C. 
(96.8°  F.)  with  MgSO^,  which  precipitates  the  globulm.  The  filtrate 
b  saturated  with  (NH4)jS04  at  about  40®  C.  (104®  F.),  which  precipi- 
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tates  the  serum-albumin,  eontaining  small  quantities  of  salt.  To 
obtain  it  pure,  this  precipitate  b  suspended  in  water  and  submitted  to 
dialysis. 

Pure  serum-albumin  b  a  white  or  pale-yellow,  amorphous  substance, 
dissolving  readQy  in  water,  forming  a  slightly  alkaline,  opalescent 
liquid,  slowly  coagulating  at  about  73^  C.  (163.4®  F.).  It  b  not  pre- 
cipitated by  ether,  and  with  difficulty  by  alcohol. 

Egg-albumin  b  found  in  the  white  of  eggs,  and  differs  from  the 
above  in  being  almost  insoluble  in  nitric  and  hydrochloric  acids,  and 
b  precipitated  by  alcohol  and  ether.  Its  specific  rotatory  power  b 
less  than  that  of  serum-albumin,  being  — SS-^- 

White  of  egg  b  a  semifluid  substance,  situated  between  the 
shell  and  the  ovum  proper,  or  yolk.  It  b  p^meated  by  a  network 
of  fibrillated  matter.  Thb  network  b  insoluble  in  hot  water,  dflute 
alcohol,  and  acetic  acid.  The  liqukl  b  alkaline  in  reaction,  and 
e^>ecially  rich  in  proteins,  containing  about  12.3  per  cent,  as  a  mean, 
varying  considerably  in  different  egg^  from  11  to  13  per  cent  It  has 
the  following  composition:  Water,  82  to  88  per  cent.;  solids,  about 
13*3  P^  cent;  proteins,  about  12.2  per  cent;  sugar,  about  0.5  per 
cent.;  fats,  alkaline  soaps,  lecithin,  and  cholesterin,  about  0.66  per 
cent.    (Lehman.) 

Vegetable-albcumn  occurs  in  small  quantity  in  most  v^etable 

{'uices.  It  shows  the  same  general  properties  as  the  other  albumins, 
mt  contains  less  sulphur. 

The  Globulins. — ^The  globulins  differ  from  the  albumbs  in  being 
insoluble  in  water,  but  soluble  in  sodium  chloride  solution  (one  per 
cent.).  They  are  all  precipitated  by  saturated  solutions  of  the  same 
salt.  They  are  soluble  in  very  dilute  HCl  (i  part  in  1000  being  suffi- 
cient), with  oroduction  of  acid-albumin. 

E|^-gloDulin  occurs  in  die  white  of  hens'  eggs  in  small  quantity.  It 
constitutes  about  6.6  per  cent,  of  the  total  proteins,  or  0.677  per  cent,  of 
the  egg-white. 

Crystallin  b  a  globulin  found  in  the  crystalline  lens,  in  which  it 
occurs  to  the  extent  of  24.6  per  cent.  In  dilute  saline  solution  it  co- 
agulates at  75®  C. 

iSerum-globulin,  paraglobulin,  fibrinoplastin,  occurs  in  blood, 
chyle,  lymph,  and  serous  fluids.  Globulin  is  not  completely  precipitated 
by  a  saturated  solution  of  NaCl,  but  b  precipitated  by  alcohol,  or  by 
allowing  carbon  dioxide  to  bubble  throu^  the  liquid.  Its  dilute  saline 
solution  coagulates  on  heating  to  75®  C.  (167®  F.). 

Fibrinogen.—Thb  globulin  b  found  in  blood-plasma,  together 
with  paraglobulin  and  serum-albumin.    It  b  also  foimd  in  chyle. 
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lymph,  serous  fluids,  transudates,  and  hydrocele  fluid.  During  the 
dotting  of  blood  it  is  converted  largely,  if  not  entirely,  into  fibrin.  It 
resembles  paraglobulin  in  its  general  properties,  but  is  distinguished 
from  it  by  the  fact  that  in  blood-plasma,  or  a  one  per  cent,  solution  of 
NaCl,  it  coagulates  at  52^  C.  to  56®  C.  (125.6^  F.  to  132.8®  F.),  while 
paraglobulin  coagulates  at  75®  C.  (167®  F.).  It  is  also  readily  pre- 
cipitated by  the  addition  of  sixteen  per  cent,  of  NaCl  to  its  solution, 
whereas  paraglobulin  is  not  precipitated  imtil  at  least  twenty  per  cent 
is  added. 

The  Glutenins:  Gluten.— The  fibrin-like  body  formed  from 
wheat-flour  by  treatment  with  water,  and  from  which  the  starch  may  be 
washed  with  cold  water,  is  a  compound  or  mixture  of  two  proteins 
found  in  the  flour.  The  proteins  in  wheat  compose  about  10  per  cent, 
of  the  weight  of  the  grain.  The  most  recent  investigations  show  that 
there  are  five  different  proteins  present:  an  albimiin,  leucosiiii  existing 
in  from  0.3  to  0.4  per  cent,  of  the' weight  of  the  grain;  a  globulin,  edestiiii 
in  from  0.6  to  0.7  per  cent.;  a  proteose  in  about  0.3  per  cent.;  gliadin 
existing  in  4.25  per  cent.,  and  ghttenin  in  4.5  per  cent,  of  the  grain. 
Gluten-fibrin,  or  gluten,  is  principally  made  up  of  a  mixture  of  the 
last  two  of  these  bodies.  Gliadin  is  soluble  in  pure  water,  but  in  the 
presence  of  the  salts  of  the  flour  it  forms  a  sticky,  tenacious  mass,  which 
adheres  to  the  glutenin,  which  is  insoluble,  forming  a  tough,  glutinous 
mass,  inclosing  starch  to  form  a  doug^.  By  washing  or  kneading  this 
doug^  with  cold  water,  the  starch  may  be  washed  out,  together  with 
the  other  proteins,  and  gluten  is  left.  Some  investigators  have  claimed 
the  {Hresence  of  a  ferment,  while  no  one  has  ever  isolated  it,  and  some 
deny  its  presence  or  the  necessity  for  it,  in  the  formation  of  gluten. 
Gluten  is  soluble  in  weak  alkalies  and  acids,  and  it  forms  peptones  in 
gastric  and  pancreatic  digestion. 

ZeSn  is  a  fibrin-like  protein  found  in  maize  with  several  other 
proteins.    It  is  soluble  in  ordinary  alcohol. 

Sclero-proteins  or  Albuminoids  are  a  group  of  substances  found 
in  the  ligaments,  nails,  hoofs,  horns,  hair,  skin,  etc.,  of  mammals  and 
in  the  outer  covering  of  lobsters,  crabs,  shrimps,  etc.,  and  in  the  outer 
covering  of  beetles  and  other  insects.  They  resemble  the  true  proteins 
in  some  particulars,  but  are  attacked  by  the  digestive  ferments  with 
difficulty.  They  are  found  in  most  of  the  organs,  to  which  they  give 
form  and  solidi^. 

Most  of  these  bodies,  when  decomposed  by  dilute  acids  and  heat, 
3rield  leucin  and  tyrosin.     Gelatin  furnishes  no  tyrosin. 

Collagen  is  the  name  given  to  the  substance  composing  the  white 
elastic  tissue  of  the  skin,  tendons,  etc.    It  is  the  mother-substance 
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of  gelatin.  When  boiled  for  some  hours  with  water  it  forms  gelatin. 
Collagen  and  ossein  seem  to  be  closely  allied  in  both  composition 
and  properties.  Ossein  is  the  protein  basis  of  bones,  and  is  converted 
into  gelatin  by  boiling  with  water.  Embryonic  tissues,  when  boiled, 
yield  mucin  and  chondrin  instead  of  gelatin.  Collagen  is  an  an- 
hydride of  gelatin,  and  the  latter  may  be  reconverted  into  collagen 
by  heating  it  to  130*^  C.  (266®  F.).  Collagen  is  insoluble  in^  water, 
alcohol,  salt  solutions,  and  dilute  solutions  of  acids  and  alkalies. 

Gelatin,  Gelatinum  (U.  S.  P.),  in  the  pure  state,  is  a  colorless  or 
slightly  yeUowish,  transparent,  vitreous,  tasteless  mass,  the  air-dried 
product  of  the  hydrolysis  of  certain  animal  tissues,  by  boiling  with 
water,  and  b  therefore  a  derivative  from  collagen.  It  swells  in  cold 
water,  and  readily  dissolves  in  hot  water  or  glycerol,  forming  a  thick, 
viscid  solution,  which  gelatinizes  on  cooling.  Heating  to  140^  C. 
(284®  F.)  or  long-continued  boiling  destroys  tWs  power  of  gelatinizing. 
It  is  soluble  in  dilute  acetic  and  other  acids,  but  insoluble  in  alcohol, 
ether,  and  the  oils.  Solutions  of  gelatin  dissolve  copper  oxide  with  a 
blue  color,  which,  on  boiling,  is  reduced,  but  without  separation  of  red 
oxide;  it  therefore  interferes  with  the  copper  test  for  glucose.  An  impure 
gelatin  prepared  from  animal  refuse  (bones,  hides,  etc.),  when  in  the  dry 
state,  forms  glue.  Liquid  glue  is  a  solution  of  glue  in  acetic 
acid.  Solutions  of  gelatin  are  precipitated  by  tannic  acid,  mercuric 
chloride,  alcohol,  and  chlorine  water,  but  not  by  acetic  acid  and  potas- 
sium ferrocyanide,  alum,  or  acetate  of  lead.  Satiu'ation  with  MgSO^ 
or  (NH4)3S04  precipitates  it.  Gelatin  is  levorotatory.  During  diges- 
tion or  prolonged  boiling  of  its  solutions  it  is  converted  into  gelatin 
peptones. 

Chondrin  exists  in  permanent  cartilages,  and  forms  gelatin  on 
boiling  with  water.  The  gelatin  from  this  source  differs  slightly  from 
that  prepared  from  collagen  or  ossein. 

Elastin. — This  Is  the  characteristic  component  of  elastic  tissue, 
after  the  removal  of  gelatin,  mucin,  fats,  etc.  It  is  usually  prepared 
fronx  the  ligamentum  nuchas  of  the  ox,  which  is  cut  into  fine  slices, 
boiled  for  three  or  four  days  in  water,  and  then  for  some  hours  with  a 
one  per  cent.  KOH  solution,  and  finally  with  water.  This  is  then  re- 
peated with  10  per  cent,  acetic  acid,  and  finally  it  is  treated  for  twenty- 
four  hours  with  cold  five  per  cent.  HCl,  washed  with  water,  boiled  with 
ninety-five  per  cent,  alcohol,  and  extracted  for  at  least  two  weeks  with 
ether,  to  remove  the  fat.  There  is  left  a  pale  yellowish  powder,  in  which 
the  fragments  of  the  original  elastic  tissue  may  be  distingubhed  under 
the  microscope.  When  mobt  it  is  yeUow  and  elastic,  but  on  drying 
becomes  brittle.    It  may  be  digested  with  pepsin  or  trypsin,  and  b 
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readily  corroded  and  dissolved  by  papain,  with  the  formation  of  hemi- 
elastm  (proto-elastose)  and  elastm-peptone  (deutero-elastose). 

Keratin. — This  is  the  chief  constituent  of  hair,  nails,  feathers, 
horns,  wings  of  beetles,  and  epidermal  structures  in  general.  It  is 
mixed,  however,  in  these  structures,  with  small  quantities  of  proteins 
and  other  substances,  from  which  it  may  be  freed  by  thorough  extrac- 
tion with  water,  alcohol,  ether,  and  dilute  acids,  followed  by  diges- 
tion with  pepsin  and  trypsin,  when  nearly  pure  keratin  remains.  The 
composition  of  keratin  is  closely  allied  to  that  of  the  true  proteins, 
but  it  is  not  digestible  either  with  pepsin  or  pancreatin. 

Neuro-keratin  is  an  allied  substance  found  in  brain-tissue. 

Reticulin  b  found  in  reticular  tissue.  It  differs  very  slightly  from 
collagen. 

CSiitiiii  C15H39N3O10,  is  not  found  as  a  constituent  of  any  mam- 
malian tissue,  but  is  found  in  the  exoskeleton  of  many  invertebrates. 
It  is  more  analogous  to  the  cellulose  of  plants  than  to  the  proteins. 
The  most  convenient  source  is  the  shells  of  crabs  and  lobsters. 

Conchiolin  forms  the  organic  basis  of  the  shells  of  mussels  and 
snails. 

Spongin  is  the  chief  constituent  of  the  sponge. 

Fibroin,  CJEi^fi^,  is  the  chief  constituent  of  silk  and  spider's 
web,  and  is  covered  with  a  glue  known  as  seiicin,  which  is  soluble 
in  warm  soap-water. 

The  histones  are  a  group  of  proteins  found  mostly  in  combination  with  nucleic 
acid.  They  are  basic  in  character,  are  soluble  in  dilute  acids,  and  are  precipitated 
from  this  solution  by  NH4OH.  The  bodies  of  this  class  best  known  are  thymus- 
histone,  scomber-histone,  salmo-histone,  gadus-histone,  etc.,  which  have  been 
obtained  from  fish-spawn. 

Olobin,  the  protein  portion  of  the  hemoglobin  molecule,  also  belongs  to  this  class 
of  bodies. 

The  Protamins. — ^The  protamins,  like  the  histons,  occur  in  the  human  bodv 
in  combination  with  nucleic  adds.  They  are  basic  in  character  and  combine  witn 
acids  to  form  ciystallizable  salts.  They  are  all  toxic,  impair  the  coagulability  of  the 
blood,  and  cause  a  material  diminution  of  leukoc3rtes.  The  protamins  thus  far 
separated  have  been  found  in  fish-spawn  and  testicular  tissue.  The  principal 
protamins  are  sahnin,  obtained  from  the  salmon;  sturin,  from  the  sturgeon;  dur 
pein,  from  the  herring;  and  scombrin,  from  mackerel. 

The  protamins  contain  no  sulphur,  less  carbon  and  more  nitrogen  than  the 
other  proteins.  The  amino-acids  are  in  less  amount,  and  omthin  and  other  basic 
units  are  abundant,  giving  them  an  alkaline  or  basic  character.  They  are  toxic 
to  animals. 

Lardacem,  or  amyloid  matter,  is  an  amorphous,  friable  mass, 
occurring  in  certain  regions  of  the  body  as  a  pathological  product.  It 
seems  to  be  a  derivative  of  fibrin.    It  is  generally  found  as  little  trans- 
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parent  grains,  or  corpuscles,  somewhat  resembling  starch-granules. 
The  usual  locations  are  the  liver,  ^leen,  and  kidneys.  It  gives  many 
of  the  protein  reactions.  It  is  stained  a  reddish-brown  color  with 
iodine,  which  is  changed  to  a  violet  or  blue  tint  by  dilute  sulphuric 
acid.  Anilin-violet  stains  it  rose-red  or  violet  instead  of  blue.  Eosin 
stains  it  a  bright-red  color. 

GROUP  n.    COHJUOATE  OR  COMPOUHD  PROTBINa 

Nucleo-proteins. — This  b  a  class  of  compounds  composed  of  a 
protein  in  combination  with  nuclein.  They  resemble  the  globulins 
in  their  solubility.  They  are  found  in  the  living  cells,  more  especially 
of  the  glandular  organs,  such  as  the  thymus,  spleen,  liver,  kidney, 
pancreas,  etc.  They  are  found  also  in  the  secretions  of  glands,  as 
the  bile  and  urine.  Their  solutions  have  a  viscid  appearance.  They 
have  a  faint  acid  reaction;  are  almost  insoluble  in  pure  water;  are 
easily  soluble  in  faintly  alkaline  solutions,  from  which  solutions  they 
are  precipitated  by  acetic  acid.  The  neutral  or  alkaline  solution  is 
not  coagulated  by  boilmg. 

They  may  be  isolated  by  rubbing  up  the  minced  gland  with  a 
weak  alkaline  solution,  filtering,  and  precipitating  with  dilute  acetic 
acid.  The  nucleo-proteins  obtained  from  different  glands  differ  in  com- 
position, as  shown  by  the  cleavage  or  decomposition  products  when 
heated  with  mineral  acids  or  when  digested  with  acid  pepsin.  The 
protein  portion  of  the  molecule  thus  separated  is  sometimes  albumin, 
sometimes  histone  or  protamin.  All  of  these  nucleo-proteins  leave  an 
insoluble  residue  on  peptic  digestion. 

This  residue,  when  hydrolyzed  with  acids,  yields  nucleic  acids,  of 
which  there  are  at  least  four  distinct  varieties. 

The  nucleins  occiu-  in  the  animal  body  only  in  the  form  of  nucleo- 
protein — i.  «.,  in  combination  with  some  other  protein.  They  are, 
therefore,  decomi)08ition  products  of  nucleo-proteins. 

The  nucleins  are  insoluble  or  slightly  soluble  in  water,  freely  sol- 
uble in  weak  alkalies,  from  which  solution  they  precipitate  on  neutral- 
izing. They  may  be  prepared  from  yeast,  pus,  or  other  cells  by  diges- 
tion with  dilute  HCl  and  pepsin,  in  which  the  other  proteids  are  sol- 
uble, while  the  nuclein  is  left  as  an  insoluble  residue.  This  residue 
is  washed  with  water,  dissolved  in  weak  NH4OH  solution,  and  pre- 
cipitated with  a  weak  acid.  To  obtain  it  in  a  pure  state  the  precipi- 
tate is  again  digested  with  acid-pepsin  solution,  the  residue  dissolved 
in  NH4OH  and  again  precipitated  with  acid.  The  nuclein  is  thus 
obtain^  as  a  white  powder. 
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When  the  nucleins  are  digested  for  some  time  with  dilute  HCl  or 
HjSO^,  they  are  cleaved  into  a  protein—albumin,  histon,  etc. — and 
nucleic  acid. 

Cell-nuclei  are  composed  of  nudein  looeel^  combined  with  vaiying  amounts  of 
protein  matter.  The  composition  of  cell-nuclei  thus  varies  in  different  cells,  or  in  the 
same  cells  during  different  periods  in  their  development  This  is  the  duromatln 
of  the  histolodsts.  Nudein  is  easily  split  up  by  treatment  with  adds  into  an  acid 
rich  in  phosphorus,  called  nucleic  acid,  and  a  protein,  the  character  and  amount 
Gl  whicn  varies  in  different  cells.  The  nudeins  have  an  add-reaction,  and  on  that 
account  unite  readily  with  certain  basic  anilin  stains,  such  as  methyl-peen,  Bis- 
marck brown,  safranin,  etc.  The  less  the  proportion  of  protein  combined  with 
the  nudeic  add,  the  more  readily  does  it  take  the' stain. 

The  msdeina  are  found  in  the  nuclei  of  cells  and  yield  purin  bases 
on  hydrolysis  with  acids. 

The  following  diagram,  from  Kossel,  shows  the  cleavage  fModucts 
of  the  nuclein-containing  proteins: 

Vucleoprotain  (one  5^  or  leas  of  P). 
By  peptic  digestion  splits  into 


PvptoiM.  HucMn  (three  to  four  %  of  P). 

(Insoluble.) 

By  treatment  with  adds,  splits  into 


Albomiiif  Histoiie,  etc  Hudeic  Acid  (nine  to  ten  5(  of  P.) 

Heated  with  mineral  adds  splits  into 

! : 

Phosphoric  Add*  Porin  baiet  Carbohydrate 

(Adenin,  Guanin,  etc).  (Pentose,  Hexose,  etc.). 

Nttcleic  Acids. — ^There  are  at  least  four  di£ferent  nucleic  acids. 
They  are,  when  pure,  amorphous,  white  powders,  having  an  acid  re- 
action. Their  composition  differs  according  to  the  source.  When 
hydrolyzed  with  mineral  acids  they  all  give  a  protein  Rroup,  a  carbo- 
hydrate, one  or  more  purin  bases,  and  phosphoric  acid.  The  follow- 
ing formulae  give  an  idea  of  their  composition: 

Nucleinic  add  from  sahnon-eggs, ^^o^tt^u^n  •  ^^fiv 

"  "      "    yeast-cells, C^oH«»NuOa .  2P,0,. 

"  "      "     pancreas, Q»H,|Nm)0„  .  P,0,. 

33 
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The  Gluco-proteins. — These  are  compounds  of  a  protein  and  a 
carbohydrate,  and  contain  no  phosphorus. 

Mucin  occurs  in  the  cement-substance  of  connective  and  epithelial 
tissues.    It  is  therefore  present  in  the  secretions  of  mucous  membranes. 

It  swells  up  in  a  little  water  and  dissolves  in  a  large  quantity.  Its 
solutions  do  not  coagulate  on  heating.  It  is  insoluble  in  alcohol,  ether, 
chloroform,  or  gastric  juice. 

Its  solutions  are  precipitated  by  acetic  acid,  alum,  basic  acetate 
(subacetate)  of  lead,  and  very  dilute  mineral  acids.  Its  solutions  dis- 
solve oxide  of  copper,  and  thus  hinder  the  copper  test  for  sugar,  when 
applied  to  solutions  containing  an  abundance  of  mucin. 

Mucoids^  or  Mucinoids. — Closely  related  to  mucin  are  certain 
substances  which  form  viscid  solutions,  but  which  differ  from  it  in  some 
minor  differences  in  properties.  They  occur  with  mucin  in  submaxil- 
lary saliva,  in  intestinal  mucus,  the  vitreous  humor,  white  of  egg,  in 
the  umbilical  cord,  etc.  They  differ  from  the  true  mucins  in  not  pre- 
cipitating from  their  alkaline  solutions  on  the  addition  of  acetic  acid, 
or  the  precipitate  is  readily  soluble  in  excess  of  this  acid.  All  these 
substances  are  decomposed  by  dilute  adds  into  a  proteid,  and  a  carbo* 
hydrate  which  reduces  Fehling's  solution. 

Biliary  mucoid  and  uriiiAiy  mucoid  resemble  mucin  in  appearance,  and 
therefore  are  often  called  mucoid  substance. 

They  do  not  coagulate  on  boiling,  but  are  precipitated  with  acids.  Cows^ 
gall  and  urine  contain  no  mucin,  but  the  mucilaginous  substance  b  mucoid. 

Hyalogen,  obtain^l  from  the  wall  of  hydatid  cysts  and  other  tissues,  neassldin, 
paramudn,  chondrin  (chrondroltin  sulphuric  acid)  are  all  gluco-proteins  of 
similar  behavior. 

Phospho-proteinSi  also  called  pseudo-nucleo-proteids  and  nucleo- 
albumins f  para-nuckoproteid,  phospho-globulin,  etc.,  are  compounds  of  a 
protein  with  a  nucleus  containing  phosphorus,  but  of  obscure  composi- 
tion, and  containing  neither  leci^n  nor  nucleic  acid.  Some  contain  a 
carbohydrate  group,  while  others  do  not. 

Casein.*— This  is  the  best  known  of  the  phospho-proteins.  It 
is  the  chief  protein  of  cows'  milk  and  is  a  constant  constitu^t  of  all 
mammalian  milks.  Casein  ocau:s  in  cows'  milk  in  a  state  of  colloidal 
suspension,  shown  by  the  fact  that  it  can  be  filtered  out  by  passing  the 


*  The  term  caseinogen  was  applied  by  Haliburton  to  the  mother-substance  in 
milk,  and  casein  to  the  precipitated  product  formed  from  it  by  rennet.  This 
distinction  seemed  desirable,  and  was  adopted  in  the  previous  editions.  Now  that 
our  knowledge  of  the  composition  of  these  bodies  is  more  perfect,  and  because  tlx 
best  usage  discards  this  term,  we  shall  abandon  the  term  caseinogen. 
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milk  throu^  an  unglazed  porcelain  filter,  and  may  be  salted  out  of 
the  milk  by  adding  NaCl  or  MgS04  to  saturation,  or  by  the  addition 
of  freshly  precipitated  Al^(OH)^  and  passmg  the  mixture  through  a 
filter.  A  very  large  part  of  the  white  color  of  milk  is  due  to  the  casein- 
calcium  compound,  and  not  to  the  fat  alone. 

Pure  casein  is  insoluble  in  pure  water.  It  is  believed  to  occur  in 
milk  as  a  neutral  calcium-casein  salt,  which  is  easily  broken  up  by 
acids  or  acid  salts.  The  natural  calcium-casein  compound  does  not 
coagulate  on  boiling  the  milk,  but  if  suspended  in  pure  water  boiling 
coagulates  it.  The  general  precipitants  of  the  proteins  precipitate 
casein.  Casein  readily  combines  with  both  acids  and  alkalies  to  form 
definite  compounds.  It  may  either  act  as  a  dibasic  acid  or  as  a  base. 
It  can  form  neutral  or  basic  compounds.  The  addition  of  acid  to  milk 
seems  to  break  up  the  calcium-casein  compound,  with  the  formation  of 
a  calcium  salt  of  the  acid  used  and  the  precipitation  of  pure  casein  when 
all  the  CaO  has  been  taken  up  by  the  acid.  On  adding  an  excess  of 
acid  the  precipitated  casein  combines  with  the  acid  to  form  an  acid 
casein  similar  to  acid-albumin,  except  that  it  is  insoluble. 

Paracasein  is  the  substance  produced  from  casein  by  rennet  or 
ch3rmosin.  When  a  neutral  or  slightly  acid  milk  is  warmed  to  from 
35®  C.  to  40®  C.  with  rennet  or  neutralieed  gastric  juice,  the  casein 
undergoes  cleavage  into  whey-protein,  which  remains  in  solution,  and 
paracasein,  which  is  also  soluble,  but  which  forms  an  insoluble  com- 
pound with  the  calcium  salts  present  in  the  milk,  and  immediately 
precipitates  as  curd. 

Whey-protein  resembles  the  albumoses  in  its  properties,  and  is 
formed  in  very  small  quantity,  the  principal  part  of  the  casein  going 
to  form  paracasein. 

Paracasein  readily  combmes  with  both  acids  and  bases.  The 
compounds  with  the  alkaline  hydroxides  and  carbonates  are  very 
soluble,  while  those  with  calcium,  barium,  strontium,  and  copper 
hydroxides  are  insoluble. 

The  compounds  with  acids  are  insoluble  in  water,  or  in  five  per 
cent.  NaCl  solution.  Pure  casein  and  paracasein  are  soluble  in  weak 
(five  per  cent.)  salt  solution  and  in  lime-water. 

The  alkaline  carbonates,  bicarbonates,  and  hydroxides  prevent  the 
precipitation  of  paracasein  by  rennet.  The  casein  of  human  and 
of  cows'  milk  differs  in  ultimate  composition  and  in  behavior  in  peptic 
digestion.  Htunan  paracasein  digests,  leaving  no  insoluble  residue, 
while  cows'  paracasein  always  leaves  a  residue. 

Vitellin  occurs  in  the  yolk  of  egg.  Bunge  regards  vitellin  as  the 
mother-substance  of  hemoglobin,  and  has  suggested  the  name  of  hema- 
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togen.  It  is  a  white,  granular  body,  sduble  in  dilute  NaCl  solutions, 
and  not  precipitated  by  a  saturated  solution  of  the  same.  It  coagulates 
at  about  75^  C.  It  dissolves  readily  in  dilute  add  (o.i  per  cent.)  and  in 
alkalies.  It  is  precipitated  by  alcohol.  It  is  readily  soluble  in  a  one 
per  cent,  solution  of  Na,CO„  and  is  incompletely  precipitated  from  its 
solution  by  dilution,  but  completely  by  passing  a  stream  of  CO,  dirouc^ 
it    It  has  not  as  yet  been  obtained  free  from  lecithin. 

Vitellin  may  be  prepared  from  egg-yolk  by  extraction  with  successive  portioiis 
of  ether  as  long  as  it  yields  any  color  to  tne  solvent.  The  ether  is  evaporated  and  the 
residue  is  dissolved  in  the  smallest  possible  amount  of  cjght  to  ten  per  cent.  NaCl 
solution.  It  is  precipitated  from  this  solution  by  an  excess  oi  water,  and  purified 
by  the  repetition  of  this  process.  The  operation  must  be  conducted  as  rapidly  as 
possible,  since  the  prolonged  action  of  water  renders  the  vitellin  insoluble  u  ^faCl 
solution.    Thus  obtained,  it  is  still  mixed  with  a  small  amount  of  IffifMn- 

Ichthiilin  is  a  para-nucleo-proCein,  verv  similar  to  ovovitellin  from  hens'  eggs, 
found  in  the  eggs  ot  fish.    It  is  peculiar  in  the  fact  that  it  occurs  in  crystalline  form. 

The  Chromo-proteim,  or  HemogloUiis.— These  compound 
proteins  include  a  number  of  bodies  which  consbt  of  a  protein  combined 
with  a  coloring  matter,  and  from  which  a  pigment  may  be  separated. 
The  chromo-proteins  tmite  widi  ox3rgen  and  certain  o&er  gases,  especially 
CO,  CO9  ILS,  etc.  It  is  this  property  of  forming  a  feeble  union  with 
oxygen,  which  diey  can  take  from  die  air  and  carry  to  the  tissues  wherever 
die  blood  circulates,  which  has  led  to  the  application  to  them  of  die  name 
of  respiratory  proteins.  Hiese  bodies  undergo  considerable  change 
in  i^ysical  properties  when  diey  unite  with  die  various  gases. 

Hemoi^obiiai  free  from  oxygen  or  CO,,  occurs  very  sparingly  if 
at  all  in  die  blood.  Hemoglobin,  free  from  oxygen  (reiduced  hemo- 
globin), occurs  in  the  red  blood-cdls,  in  small  amount  in  arterial  blood 
along  with  oxyhemoglobin,  and  in  larger  amount  in  venous  blood  and 
in  the  blood  of  asphyxiated  animals.  Whether  the  oxyhemoglobin  and 
reduced  hemoglobin  of  different  animals  are  identical  or  not  has  not 
been  setded.  There  seem  to  be  some  differences  m  them.  Hemo- 
globin is  more  soluble  than  oxyhemoglobin.  It  can  be  obtained  in  a 
crystalline  form. 

A  solution  of  hemoglobin  may  be  obtained  by  conducting  hydro- 
gen or  other  indifferent  gass  throu^  a  solution  of  oxyhemoglobin 
or  blood;  by  placing  blo«l  in  a  vacuum;  or  treating  blood  with 
reducing  solutions,  as  ammonium  sulphide,  or  a  freshly  prepared 
solution  of  ferrous  sulphate,  tartaric  acid,  and  ammonium  hydroxide 
(Stokes's  reagetU).  When  blood  is  closed  up  in  a  hermetically  sealed 
glass  tube  until  putrefaction  has  well  advanced,  hemoglobin  crystals 
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are  fonned.  The  crystalline  form  varies  when  derived  from  different 
animals.    They  are  dark  red  in  color,  of  a  bluish  cast. 

Oxyhemoglobin  occurs  in  arterial  blood  in  greatest  amount,  but 
to  some  extent  in  venous  blood.  It  has  a  light-red  color,  and  occurs 
in  the  red  blood-cells,  partly  at  least  in  combination  with  lecithm.  It 
may  be  obtained  in  the  crystalline  form.  These  crystals  on  analysis 
give  from  54.09  to  54.7  per  cent.  C,  6.97  to  7.4  per  cent.  H,  16.09  to 
17.9  per  cent.  N,  0.39  to  0.67  per  cent  S,  19.73  to  23.4  per  cent.  O, 
and  0.34  to  0.48  per  cent.  Fe. 

Reduced  hemoglobin  and  oxyhemoglobm  are  distinguished  by  their 
absorption  spectra,  the  latter  showing  two  such  bands  separated  by 
a  green  band,  while  the  former  shows  but  one  broad  band  occupying 
nearly  the  position  occupied  by  the  greenish-yellow  band  between  the 
dark  ones  above  mentioned.  (See  Figs.  10  and  11,  Frontispiece.) 
Hemoglobin  unites  with  nitric  oxide,  carbon  monoxide,  hydrochloric 
acid,  hydrocyanic  acid,  acetylene,  carbon  dioxide,  etc.  Some  of  these 
compounds  give  peculiar  spectra;  these  gases  are  not  easily  expelled 
by  oxygen,  and  hence  are  deadly  poisons  when  inhaled. 

Hematin,  CM^aiN^FeOft  (Hoppe-Seyler),  is  obuined  in  the  form 
of  a  salt,  by  the  decomposition  of  oxyhemoglobin  with  an  acid.  It 
is  an  amorphous,  blue-black  mass,  with  a  metallic  luster,  insoluble 
in  water  or  alcohol,  but  soluble  in  alkalies.  It  yields  two  different 
^>ectra — one  when  combmed  with  oxygen  and  another  with  carbon 
dioxide. 

Hematin  hydrochloride,  or  hemin  crystals,  may  be  obtained 
by  heating  hemoglobin,  or  dried  blood,  with  common  salt  and  glacial 
acetic  acid.  It  forms  thin,  rhombic  plates,  having  a  brown-red  color. 
The  formation  of  these  blood-crystals  is  used  for  the  identification  of 
blood  stains  in  criminal  cases.  The  drop  of  dried  blood  is  placed  upon 
a  microscope  slide,  together  with  some  pulverized  conunon  salt,  and  then 
treated  mih  glacial  acetic  add,  and  a  cover-glass  placed  upon  it.  The 
slide  is  heated  until  bubbles  appear  in  the  acid,  cooled,  and  examined 
with  a  -J-inch  objective.  The  presence  of  blood  is  indicated  by  the 
presence  of  the  crystals. 

The  amount  of  hemoglobin  in  the  blood  is  most  easily  determined, 
for  clinical  purposes,  by  the  hemoglobinometer.  The  process  de- 
pends upon  the  imitation  of  the  color  of  a  standard  solution  of  hemo- 
globin, or  of  a  colored  glass  plate,  by  dilution  of  a  measured  volume 
of  blood  until  its  color  is  that  of  the  standard.  (See  '' Clinical 
Chemistry,"  p.  as). 

Methemoglobin  Is  a  derivative  from  oxvhemoglobin,  produced  by  the  action 
of  many  reagents,  as  adds,  alkalies,  many  salts,  etc.,  or  by  simply  exposing  a  sohi- 
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tion  of  blood  to  the  air  for  some  time.  It  is  characterized  by  an  absorption -band 
not  found  in  fresh  blood,  and  situated  between  C  and  D.  (See  Frontispiece,  No. 
14-) 

Hemocyamn  ts  a  globulin-like  body  found  in  solution  in  the  blood  of  some  in- 
vertebrates. It  contains  copper  as  one  of  its  constituent  elements,  instead  of  the 
iron  of  hemoglobin.  It  turns  blue  on  exposure  to  the  air,  and  such  blood  is  blue 
when  oxidized,  and  colorless  when  reduced. 

Hemochromogen  is  a  pigment  prepared  from  hemoglobin  by  adds  or  alkalies, 
in  entire  absence  of  oxygen.  The  hemog^bin  is  split  into  two  compounds  by  the 
reagents,  the  one  being  a  protein  and  the  other  the  above  coloring  matter.  It  is  very 
similar  to,  though  not  identical  with,  hematin. 

Carbon  monoxide  hemoglobin,  nitrous  oxide  hemoglobin,  cyan-hemo- 

flobin,  tttlpho-hemoglobin  are  molecular  compounds  of  hemoglobin  with  CO, 
rO,  CN,  and  H^,  respectively.  These  gases  act  as  pdsons  when  inhaled  because 
of'  their  combining  wim  the  hemoglobin  of  the  blood,  and  the  formation  of  these 
compounds. 

Hematoporphyrin,  iron-free  hematin,  C^H^^^Oe  (Hoppe-Seyler),  is  a 
pigment  derived  from  hemoglobin  by  dissolving  it  m  strong  H2SO4  or  by  heating  it 
with  HCL  By  diluting  this  solution  with  water,  the  cokmns  matter  b  thrown 
down  as  a  brown,  flocculent  precipitate,  especiaUv  on  neutralizing  the  add.  The 
iron  remains  in  solution  as  ferrous  sulphate.  This  pigment  occasionally  appears 
in  the  urine,  as  urohematoporphyrin  or^urohematin. 

Hematoidin,  CjJtiy^Nfi^  occurs  as  radish,  rhombohedral  crystak  inokl  blood- 
clots,  in  corpora  lutea,  and  in  the  urine  in  cases  of  hematuria.  It  is  believed  to  be 
identical  with  bilirubin,  and  shows  the  origin  of  bilirubin  to  be  probably  in  the  de- 
composed or  disintegrated  blood-pigment,  separated  by  the  liver. 

Lecitho-proteins  are  a  class  of  complex  compound  proteins  found  in  glan- 
dular organs,  the  gastric  mucous  membrane,  Uver,  milk,  and  yolk  of  egg.  They 
are  rich  in  phospnorus  (six  and  one-half  per  cent.,  calculated  as  P,C^.  They 
combine  with  NaOH,  forming  a  stable  body  whose  solution  can  be  filtered  with  great 
di6kulty.  They  combine  with  FejCl^  HgCl,,  the  alkaloids,  and  some  glucosides. 
Ovovitellin  and  hemoglobin  of  the  red  blood -cells  are  combined  with  ledthin. 
They  arc  supposed  to  play  an  important  part  in  cell-nutrition. 

GROUP  m.    THE  DERIVED  PROTEINS. 

Primary  Protein  Derivatiyes. — These  derivatives  are  formed  as 
the  result  of  slight  hydrol3rtic  changes  in  the  protein  molecule,  of  which 
we  know  little.  Proteans  is  a  term  suggested  to  include  all  those 
insoluble  proteins  formed  by  the  incipient  action  of  water,  very  dilute 
acid,  or  enzymes.    They  are  insoluble  in  salt  solution. 

Fibrin  is  a  white,  elastic,  fibrillated  solid,  insoluble  in  water  or  dilute 
salt  solutions.  It  is  soluble  in  dilute  acids  (one  to  five  per  cent.)  with 
difficulty.  It  is  soluble  in  concentrated  acids  and  alkali  hydroxides. 
Fibrin  may  be  prepared  by  whipping  blood  with  a  bundle  of  twigs, 
washing  the  clot  with  water,  alcohol,  and  ether. 

Hallibiuton  believes  that  fibrin  ferment,  called  prothrombini  is 
formed  by  the  leucocytes  of  the  blood  or  tissues.  'Hiis  is  changed  to 
thrombin  (thrombase)  by  calcium  salts.  Thrombase  acts  on  fibrinogen, 
changing  it  into  insoluble  fibrin  and  a  small  amount  of  soluble  fibrin- 
globulin. 
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When  boiled  with  water,  or  treated  for  some  time  with  alcohol, 
fibrin  loses  its  elasticity;  its  solubility  in  the  various  reagents  is  les- 
sened, and  its  digestion  with  pepsin  and  trypsin  is  rendered  more 
difficult.  Fibrin  has  the  peculiar  property  of  decomposing  hydrogen 
peroxide.  Pieces  of  fibrin  placed  in  this  fluid  seem  to  undergo  no 
change,  but  decompose  the  H,0,.  Guaiacum  is  turned  blue  by  fibrin 
in  the  presence  of  H,0,. 

It  may  also  be  prepared  from  blood-plasma  which  has  been  prevented  from 
coagulating  by  the  addition  of  MgS04.  6y  the  addition  of  an  equal  volume  of  a 
saturated  solution  of  NaCl,  the  fibrinogen  is  precipitated,  while  the  paraglobulin 
remains  in  solution.  The  characteristic  property  ot  fibrinogen  is  that  in  the  pres- 
ence of  minute  quantities  of  certain  caldimi  salts  and  nucleo-protein  it  produces  a 
coagulum  of  fibnn.  In  the  absence  of  lime  salts,  or  the  nucleo-protein,  no  coagu- 
lation takes  place.  The  addition  of  potassium  oxalate  to  fresh  olood  prevents  the 
coagulation,  as  it  converts  the  calcium  salts  into  the  oxalate,  which  does  not  com- 
bine with  the  prothrombin  to  form  the  so-called  flbrin-fermenty  or  thrombase. 

Myosin. — When  an  irritable  contractile  muscle  passes  into  rigor 
mortiSf  the  substance  of  which  the  muscle-fibrillse  are  composed 
undergoes  a  change  similar  to  the  clotting  of  the  blood,  .which  results 
in  the  formation  of  a  clot  of  myosin.  Myosin  is  the  name  given  to 
a  solid  which  separates  on  the  coagulation  of  muscle-plasma.  Muscle* 
plasma,  freed  from  blood,  is  a  yellowish,  opalescent,  syrupy  fluid, 
which  filters  with  difficulty  and  dots  spontaneously  at  temperatures 
above  o®  C.  (32®  F.).  The  plasma  may  be  diluted  with  solutions  of 
varying  strengths  of  neutral  salts,  by  which  its  clotting  may  be  delayed, 
and  the  changes  it  undergoes  may  be  studied.  Musde-plasma  con- 
tains a  globulin,  myosinog^n,  which  resembles  fibrinogen  and  coagu- 
lates at  56®  -C.  (132.8®  F.).  Myosinogen  clots  under  the  action  of  a 
specific  ferment,  forms  myosin,  and  leaves  in  the  solution  myoglobulin 
and  an  albumin  resembling  serum-albumin.  It  b  converted  into  sjrn- 
tonin  by  the  action  of  acids.  Globulins  closely  resembling  myosin 
occur  in  vegetable  protoplasm,  and  in  the  cells  of  the  liver.  Myosin 
is  readily  digested  by  pepsin,  more  slowly  by  trypsin. 

Metaproteins.— Albuminates.—There  are  two  forms  of  these 
proteins,  known  as  acid-proteins  and  alkali-proteins,  obtained  by 
dissolving  one  of  the  simple  proteins  in  acids  or  alkalies. 

Some  of  the  acid-albumins  contain  sulphur,  while  the  alkali-albu- 
mins do  not.  When  freshly  prepared,  they  are  soluble  in  dilute  acids, 
alkalies,  and  alkaline  carbonates.  Their  solutions  are  precipitated  by 
careful  neutralization,  by  boiling  only  in  neutral  solutions,  and  with 
difficulty  by  alcohol. 

Globulins  are  more  readily  converted  mto  acid-albumins  than  the 
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albumins.  Coagulated  proteins,  as  fitmn,  require  add  in  a  concentrated 
form.  As  obtained  &x>m  the  various  proteins,  die  products  exhibit 
certain  marked  differences,  indicating  that  each  protein  yields  its  own 
special  acid-protein. 

Preparation  cS  Acid-protein.— Blood-serum  or  die  diluted 
white  of  egg  is  digested  at  40®  to  50**  C.  (104^  to  122®  F.)  for  several 
hours  with  from  one  to  two  per  cent,  of  HCl.  The  solution  is  filtered, 
carefully  neutralized,  and  the  precipitate  collected  on  a  filter  and 
washed  with  distilled  water.  It  may  be  rapidly  prepared  by  beating 
the  white  of  ^g  with  glacial  acetic  add.  A  jelly  is  thus  formed  which 
can  be  dissolved  in  warm  water,  and  from  this  solution  the  acid-pro- 
tdn  is  precipitated  by  neutralizing  and  washing  as  before. 

Alkali-protein  may  be  obtained  by  the  action  of  dilute  alkalies 
on  albumin  solutions,  upon  coagulated  or  other  proteins.  The  jelly 
produced  by  the  action  of  KOH  solution  upon  white  of  egg  is  alkali- 
albumin.  This  solution  is  no  longer  coagulated  by  heat.  The  protein 
is  entirdy  predpitated  upon  neutralization,  and  the  predpitate  is  in- 
soluble in  water  and  in  neutral  NaCl  solutions,  but  is  readUy  soluble 
in  dilute  adds  or  alkalies. 

Coagulated  Proteins.— Very  Uttle  is  known  of  the  chemical 
characteristics  of  the  protdns  after  coagulation.  These  pro- 
ducts are  produced  by  heating  solutions  of  the  protdns,  generally 
in  slightly  acid  solutions,  or  by  the  action  of  the  various  agents  which 
have  been  mentioned  above.  They  are  insoluble  in  water,  dilute 
acids,  alkalies,  and  neutral  saline  solutions  of  all  strengths.  They 
are  soluble  only  in  strong  adds  or  alkalies,  though  often  the  pro- 
longed action  of  dilute  acids  or  alkalie§  will  effect  some  solution, 
especially  at  a  high  temperature.  During  these  solutions,  however, 
a  decomposition  takes  place,  some  acid-  or  alkali-albumin  always 
being  produced,  together  with  some  peptone  and  allied  substances. 
The  coagulated  protdns  are  readily  converted  into  peptones,  at  the 
temperature  of  the  body,  by  the  action  of  the  gastric  or  the  pancreatic 
juice.  All  proteins  in  solution  are  predpitated  by  absolute  alcohoL 
If  the  alcohol  be  rapidly  removed,  tiie  proteins  are  again  soluble  in 
water;  but  if  the  precipitate  be  left  in  contact  with  the  alcohol  for 
some  time,  it  loses  its  solubility. 

Secondary  Protein  Derivatiyes.— Albumosesi  or  Proteoses. — 
When  any  of  the  proteins  above  described,  except  some  of  the  sdero- 
proteins,  are  submitted  to  the  digestive  action  of  pepsin,  trypsin,  or 
certain  other  enzymes,  hydrolytic  products  are  produced  in  the  earlier 
stages  known  as  proteoses.  When  the  digestive  fluid  employed  is  pep- 
sin with  dilute  HCl  (0.2  per  cent.),  a  small  portion  of  the  protein  is 
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first  converted  into  acid-albumin.  This  may  be  precipitated  by  neutral- 
izing the  fluid  during  the  early  stages  of  the  digestion.  At  a  later  stage 
of  the  digestion,  this  acid-albiunin  disappears,  and  other  products  make 
their  appearance,  which  are  known  collectively  under  the  name  of 
albimioses,  or  proteoses. 

The  process  above  described  consists  in  a  gradual  bydrolvsis  of  the  protein 
molecule,  with  the  result,  at  first,  of  a  cleavage  or  splitting  of  the  molecule  into 
smaller  dissociation  products.  By  the  use  of  various  reagents  these  mixtures  have 
been  separated  into  groups  of  bodies  known  as  proto-albumoseSf  hetero-albumoses, 
deuiero-aibumoses,  etc  The  first  two  groups  are  known  as  primary  dhumoses^ 
while  the  deuUrthMumoses  are  known  as  secondary  albumooes.  See  table,  p.  486, 
for  their  behavior  with  reagents. 

By  the  continued  action  of  pepsin  and  hydrochloric  add,  these  albumoses  are 
changed  into  peptones  and  then  peptids  as  the  final  products. 

The  prinuuy  albumoses  give  precipitates  with  nistones  and  protamins  as  do 
the  natural  albumins. 

When  trypsin  is  employed  in  ^e  digestion  of  proteins,  the  process  is  somewhat 
different,  and  the  decompositions  of  the  protein  are  much  more  complicated  than  is 
the  case  with  pepsin.  Instead  of  acid-albumin,  a  small  quantity  of  alkali-albumin 
is  at  first  formed,  together  with  more  or  les*;  coagulable  protein.  Albumoses  soon 
make  their  appearance,  which  are  some^Viat  rapidly  converted  into  peptones, 
peptids,  and  amino-acids. 

Proteins  may  also  be  peptonized  by  the  action  of  water  at  a  high  temperature 
and  under  pressure. 

Preparation  of  Albtimoeet. — ^The  albumoses  are  best  prepared  by  the  action 
of  a  smaU  amount  of  very  active  pepsin  on  a  larse  amount  of  fibrin  previously  treated 
with  0.2  per  cent  HCl  at  40®  C.  (104®  F.),  or  by  heating  proteins  with  water  under 
pressure  for  several  hours  at  about  150®  C.  (302®  F.).  Under  the  action  of  pepsin 
the  fibrin  dissolves,  and,  as  soon  as  this  is  complete,  dilute  solution  of  Na,CO,  is 
added  until  the  reaction  is  faintly  alkaline,  when  the  add-albumin  is  precipitated. 
This  is  removed  by  filtration,  and  the  filtrate  contains  albumose  with  but  a  faint 
trace  of  peptone.  The  primary  albumoses  (proto-albumose  and  hetero-albumose) 
may  be  precipitated  from  this  solution  by  strongly  acidifying  with  acetic  acid  and 
saturating  the  solution  with  NaCl.  The  albumoses  thus  precipitated  may  be 
collected  on  a  filter  and  washed  with  a  saturated  solution  of  NaCl.  They  may 
again  be  dissolved  in  water  if  desired. 

Solutions  of  albumoses  give  the  following  reactions: 

1.  Acetic  or  nitric  add,  added  drop  by  drop,  predpitates  proto-albumose  in 
the  cold,  the  predpitate  dissolving  on  warming,  to  separate  again  on  cooling. 

2.  If  the  solution  be  slightly  addulated  with  acetic  add,  avoiding  an  excess, 
and  a  trace  of  potassium  ferrocyanide  be  added,  a  predpitate  forms  which  disappears 
on  warming,  to  reappear  again  on  cooling. 

3.  On  adding  caustic  soda  in  excess  and  a  drop  of  a  copper  sulphate  solution, 
a  rose-red  color  is  obtained.  This  reaction  is  also  obtained  with  solutions  of  pep* 
tones,  but  not  with  other  soluble  proteids.     (See  tible,  p.  486.) 

4.  A  weak  solution  of  copper  sulphate  (two  per  cent)  predpitates  prinuuy  but 
not  secondary  albumoses. 

Peptones. — The  gastric,  pancreatic,  and  probably  the  intestinal 
juices  convert  albumoses  into  a  more  soluble  and  diffusible  form. 
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called  peptones.  Several  different  peptones  have  been  described, 
but  most  of  them  are  probably  mixtures  of  albumoses  and  true  pep- 
tone. Dehydrating  agents,  as  heat,  can  reverse  the  process,  and  con- 
vert peptone  into  albumoses. 

The  reactions  of  peptones  are  mostly  negative.  Solutions  of  pep- 
tone do  not  exhibit  a  viscid  character,  are  not  coagulated  by  heat, 
nitric  acid,  or  acetic  acid  and  potassium  ferrocyanide.  Alcohol  pre- 
cipitates them,  but  the  precipitate  is  soluble  in  water.  Tannin,  mer- 
curic chloride,  picric  acid,  and  potassiomercuric  iodide  precipitate  them 
in  the  cold. 

The  most  marked  property  is  their  extreme  solubility  in  water  and 
their  greater  diffusibility  man  other  proteins. 

Amyloid  is  not  dissociated  into  peptone  by  either  pepsin  or  tr3rpsin. 
Some  of  the  sclero-proteins  are  not  attacked  by  pepsin  or  trypsin.  Both 
proteoses  and  peptones  are  to  be  regarded  as  mixtures  of  dissociation 
products  of  the  native  or  simple  proteins.  They  are  not  definite 
chemical  substances.  The  peptones  are  probably  peptids,  but  of 
indefinite  and  unknown  composition.  The  term  peptid  is  reserved 
for  those  of  known  composition.  The  peptones  may  be  separated 
from  the  albumoses  by  saturating  the  cold  solution  with  crystals  of 
(NH^),S04,  when  the  albumoses  are  precipitated,  leaving  the  peptones 
in  the  solution. 

Notwidistanding  the  formation  of  peptone  in  both  gastric  and 
intestinal  digestion,  very  little  of  it  can  be  found  in  the  digesting 
mixture  at  any  time.  Very  little  true  peptone  is  formed  in  the 
stomach. 

Trypsin,  aided  by  erepsin,  quickly  cleaves  the  peptone  into  simpler 
peptids  and  amino-acids,  in  which  form  they  are  absorbed.  If  peptones 
are  absorbed  at  all,  it  is  only  in  very  small  quantities. 

The  Peptids. — ^When  a  protein  is  digested  with  acid-pepsin  for 
some  time,  and  the  proteoses  and  peptones  are  precipitated  from  the 
solution,  a  large  part  of  the  nitrogen  of  the  original  protein  will  be  found 
in  the  solution  in  a  non-protein  form.  Amino-acids  will  not  be  found. 
This  nitrogen  is  found  in  the  form  of  bodies  between  peptones  and 
amino-acids,  and  composed  of  a  combination  of  two  or  more  amino- 
acids.  Such  substances  are  called  peptids  or  polypeptids.  Many  of 
these  polypeptids  have  been  prepared  synthetically  from  the  amino- 
acids.  The  simplest  of  these  compounds  is  glycyl-glycine.  We  can 
also  have  many  other  compounds  of  similar  structure.  £.  Fischer 
classifies  them  according  to  the  number  of  amino-acid  groups  entering 
into  their  molecules,  as  rfi-,  pri-,  ietra-,  petUa-peptids,  etc.,  and  polypeptids. 
Peptone  is  a  pplypeptid. 
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Edestin  is  the  name  that  has  been  given  to  a  globulin  found  in 
wheat,  rye,  barley,  and  other  cereals. 

Most  of  the  cereal  grains  also  contain  a  proteose,  probably  formed 
from  the  other  proteids  by  ferment  action. 

IMPORTANT  VEGETABLB  COLORING  HATTERS. 

Indigo  is  a  blue  coloring  matter  derived  from  several  species  of 
Indigojera  and  other  plants  growing  in  India,  Africa,  and  South 
America.  It  exists  in  the  plant  as  a  glucoside,  called  indican,  which 
is  extracted  with  water;  the  liquid,  allowed  to  ferment  in  the  air, 
deposits  the  indigo  as  a  blue  powder.    (See  p.  440.) 

Litmus  is  a  purplish-blue  coloring  matter  obtained  from  lichens; 
generally  from  Lecanora  iartarea,  by  steeping  in  urine  and  adding 
lime  and  potassium  carbonate.  The  mixture  is  exposed  to  the  air  for 
a  few  weeks,  with  frequent  stirring,  when  a  thick,  blue  solution  is 
obtained.  The  solutbn  is  thicken^  with  plaster-of-Paris  or  chalk, 
formed  into  cakes,  and  cut  mto  litde  cubes.  The  coloring  matter  of 
litmus  is  a  weak  add  forming  salts  having  a  blue  color,  the  commercial 
product  being  the  potassium  salt.  With  acids,  it  becomes  red  from 
the  liberation  of  the  acid.  Turmeric  is  die  root  of  Curcuma 
longa;  it  yields  a  yellow  tincture  which  turns  brown  with  alkalies. 
The  coloring  principle  is  named  curcumiiiy  Cifi^fi^.  It  is  used  to 
a  large  extent  to  give  a  yellow  color  to  various  articles  of  food,  as 
mustard,  chow-chow,  vermicelli,  etc. 

Saffron,  crocus  (Br.),  is  the  stigmas  of  the  flower  of  Crocus 
saliva.  It  yields  to  dilute  alcohol  a  yellow  coloring  matter  called 
polychroity  C^li^O^,  a  glucoside  of  crocin,  QeH^Oe. 

Saffron  is  used  to  color  certain  articles  of  food,  as  butter,  cheese, 
macaroni,  etc. 

Annatto  is  a  yellow  color  obtained  from  the  seeds  of  Bixa  ord- 
lana.    It  is  used  in  coloring  butter,  milk,  cheese,  etc. 

Logwood,  hflematoxylon  (U.  S.  P.),  haematoxyli  lignum  (Br.), 
contains  a  pxirple  dye,  hematoxylin,  CieHi^Oe.sHjO,  used  for  purple 
and  black  dyes.  The  extract  of  the  wood  is  official,  and  is  used  as 
a  tonic  and  astringent.  Brazil-wood  furnishes  red  dyes  and  lakes. 
Cochinealy  coccus  (U.  S.  P.,  Br.),  the  female  of  the  insect  Coccus 
cacHy  yields  to  boiling  water  and  alcohol  a  beautiful  red  coloring  mat- 
ter, which,  precipitated  with  alum  and  an  alkaline  carbonate,  yields 
carmine. 

Chlorophyll  is  the  name  given  to  the  green  coloring  matters  of 
the  leaves  of  plants.  It  occurs  as  microscopic  granules  distributed 
through  the  cell-protoplasm  in  all  the  green  portions  of  the  plant 
It  may  be  extracted  with  alcohol,  ether,  and  benzene. 
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Very  little  is  known  of  this  body,  but  it  seems  to  be  composed  of 
two  coloring  matters — ^a  blue  and  a  green.  It  contains  no  iron,  and 
possesses  tSe  power,  under  the  influence  of  sunlight,  of  decompos- 
ing CO,  and  imiting  the  carbon  to  the  elements  of  water.  The  ydlow 
color  of  autumn  leaves  b  due  to  xanthophyU,  an  oxidation  product 
of  chlorophyll. 

BUJART  COLORING  MATTERS. 

There  are  two  pigments  obtainable  from  bile  and  biliary  calculi — 
viz.,  bilirubin  and  biliverdin.  Bilifuscin,  biliprasiiiy  bilicyaniiiy 
choletelin,  bilihuminy  and  hydrobilirubin  have  also  been  described. 
The  principal  one  of  these,  and  probably  the  only  one  contained  in 
bile  when  first  secreted,  b  bilirubin,  of  which  the  others  are  deriva- 
tives. 

Bilirubiiiy  C^J^fi^  is  met  with  in  the  free  state  m  the  bile  of 
man  and  the  camivora,  and  in  ox-bile;  also,  together  with  bilifusdn^ 
CieHjo^^O^,  and  biliprasin,  CiJU^^fi^,  in  combination  with  calcium, 
in  biliary  calculi.  It  also  occurs  in  the  urine  of  persons  suffering  with 
jaundice. 

It  is  now  known  to  be  identical  with  the  red  crystalline  matter  of 
old  hemorrhagic  clots,  called  hematoidin,  and  with  biliphein,  bili^ 
folyiny  and  dbolepyrrhin. 

It  may  be  prepared  by  treating  the  powdered  biliary  calculus  first 
with  ether,  then  with  boiling  water  slightly  acidified  with  hydrochloric 
acid.  The  residue  is  washed  with  pure  water,  dissolved  in  hot  chloro- 
form, and  filtered.  The  chloroform  is  distilled  off  from  the  filtrate, 
and  the  residue  treated  with  absolute  alcohol  and  ether,  by  which  the 
bilifuscin  is  removed  and  bilirubin  left.  By  dissolving  this  residue 
in  chloroform  and  setting  aside,  a  part  of  it  may  be  obtained  as  a 
dark-red  crystalline  powder.  It  also  exists  in  an  orange-red,  amor- 
phous powder. 

It  acts  the  part  of  a  weak  acid,  combining  with  sodium,  calcium, 
barium,  lead,  etc.    The  formula  of  the  calcium  salt  is  (CieHiyN,Oj),Ca. 

Bilirubin  is  closely  related  to  hematin,  a  derivative  of  hemoglobin. 
Moderately  strong  nitric  acid,  added  to  an  ammoniacal  solution  of 
bilirubin,  first  colors  it  green,  then  blue  (bilicyanin),  violet-red,  and 
finally  ydlow,  the  final  substance  formed  being  choletelin,  Qe^igN^Oe. 
(Gmelin's  test  for  bile.)  Nearly  the  same  series  of  colors  are  pro- 
duced by  adding  bromine  to  the  chloroform  solution,  with  the  excep- 
tion that  it  finally  becomes  colorless.  Nascent  hydrogen  converts  it 
into  hydrobilirubin,  CsH^^N^O,  (urobilin  of  urine,  stercobilin  of 
feces).  Hydrobilirubin  is  a  dark-brown,  amorphous  powder,  soluble 
in  alkalies,  sulphuric  and  acetic  acids,  alcohol,  ether,  and  chloroform* 
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It  does  not  give  the  play  of  colors  with  nitric  acid.  It  is  probably 
formed  in  the  feces  from  bilirubin,  by  the  action  of  the  nascent  hydro- 
gen set  free  by  the  butyric  and  putrefactive  fermentations. 

Biliyerdiiiy  C|«H|aN204y  is  an  oxidation  product  of  bilirubin,  and 
is  readily  formed  by  exposing  alkaline  solutions  of  this  pigment  to 
the  air,  or  by  similar  treatment  of  fresh  bile.  It  forms  a  green,  amor- 
phous powder,  insoluble  in  water,  ether,  and  chloroform.  It  Is  sol- 
uble in  alcohol,  acetic  acid,  and  alkaline  solutions,  and  reacts  with 
nitric  acid,  as  does  bilirubin.  Hydrobilinibin  may  be  prepared  from 
it  by  treatment  with  nascent  hydrogen.  Biliprasin,  Cjs^^^v  ^ 
found  in  human  gall-stones,  and  bilifusciiiy  C^Jtl^fi^  occurs  in 
small  quantities  in  old  bile  aiid  in  gall-stones.  According  to  St^eler, 
biliverdin  is  bilirubin  -f-  O  and  H,0,  biliprasin  is  biliverdin  -f-  H,0, 
and  bilifuscin  b  bilirubin  -f-  H,0.  Viewed  in  this  light,  these  various 
pigments  woiild  appear  to  be  formed  in  the  following  order:  Hemo- 
globin, hematin  or  hematoidio,  bilirubin,  hydrobilirubin  (urobilin), 
bilifuscin,  biliverdin,  and  biliprasin. 

Fuflcixi  (retinal  melanin)  is  found  in  the  retinal  epithelium.  Lipo* 
chrin  and  chromophanes  are  found  in  the  fat-globules  of  the  retmal 
epitheliimi.  Visual  purple  is  also  found  in  the  retina  of  all  verte- 
brates. 

Pyocyanin  gives  the  green  or  blue  color  to  pus. 
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Of  the  emergencies  which  arise  in  eveiry-day  life,  or  even  in  the 
practice  of  the  young  physician,  none  are  more  embarrassing  than 
acute  poisoning.  The  word  poison,  to  many  people,  carries  with  it 
an  idea  of  horror  and  panic.  The  pharmacist  is  often  consulted  in 
haste,  or  may  be  called  upon  to  render  temporary  aid  until  the  ser- 
vices of  a  physician  can  be  secured.  He  may  m  such  cases  render 
great  service  by  administering  the  proper  antidote,  and  thus  save 
valuable  time.  Even  the  physician  is  liable  to  something  akin  to 
alarm,  when  he  comes  into  the  presence  of  a  victim  of  a  violent  poison. 
It  is  for  these  reasons  that  we  introduce  a  few  of  the  most  common 
poisons,  with  their  antidotes.  We  do  not  intend  to  give  a  complete 
guide  to  the  treatment  of  cases  of  poisoning,  but  merely  a  few  simple 
rules  to  be  remembered  as  first  aids  to  those  suffering  with  acute  poi- 
soning. 

A  poison  is  any  substance  which,  independent  of  any  mechanical 
action,  uniformly  causes  injury,  disease,  or  death  when  applied  to, 
introduced  into,  or  developed  within,  a  healthy  animal  body. 
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Pottons  may  be  introduced  by  the  skin,  hmg^  mootfa,  ear,  nose, 
vagina,  or  rectum* 

An  antidote  is  axxj  agent  which  in  any  way  renders  the  poison 
inert  or  harmless.  Antidotes  are  either  diemical,  mechanical,  ch-  ph]^ 
ologicaL  That  is,  thqr  may  render  the  poison  harmless  by  dianging 
its  chemical  nature,  by  preventing  its  absorption  by  mechanical  nieans,  or 
by  acting  on  the  functions  of  the  body  to  produce  antagonistic  effects, 
3jid  prevent  the  poison  from  doing  harm.  Poisons  exert  a  local  effect 
upon  the  part  or  parts  with  which  they  come  in  contact  or  a  remote 
CO' tystemic  effect. 

The  symptoms  of  poisoning  vary  or  may  be  nxxiified  by  the  mode 
of  administration,  the  amount  taken,  the  association  with  other  drugs, 
the  age,  sex,  habit,  idiosyncrasy,  mental  or  physical  state  of  the  in- 
dividual, or  the  condition  of  the  stomach  or  its  contents. 

Symptoms  of  Poisoning. — ^Not  infrequently  persons  daim  to 
have  taken  poison  when  such  is  not  the  case.  Or  su^idous  friends 
fear  that  poison  has  been  taken.  The  author  has  often  met  with  cases 
of  this  kind  where  a  knowledge  of  the  symptoms  of  poisoning  has  saved 
the  patient  a  very  disagreeable  experience,  and  the  physician  a  great 
deal  of  trouble  and  future  chagrin.  The  physician  should  be  familiar 
with  the  nature  and  action  of  poisons,  the  symptoms  which  they  pro- 
duce, the  circumstances  which  retard  or  otherwise  modify  their  action, 
their  chemical  and  physiological  antidotes,  the  pathological  changes 
they  induce,  and  the  methods  of  combating  these  results.  It  is  our 
purpose  here  to  name  a  few  of  the  symptoms  of  poisoning,  and  then  to 
offer  a  few  hints  as  to  antidotal  treatment 

The  chief  characteristics  of  poisoning  are  more  or  less  severe 
symptoms  coming  on  suddenly  or  withhi  a  few  hours  after  tak- 
ing some  substance  or  fluid  into  the  stomach,  the  individual 
being  previously  in  a  state  of  health.  These  symptoms  usuaUy 
increase  steadily  and  uniformly,  and  tend  to  prove  rapidly  distressing 
or  fatal.  The  symptoms  may  be  greatly  varied  as  to  time  and  severity 
by  the  quantity  or  form  in  which  the  poison  is  administered;  the  state 
of  the  stomach,  whether  full  or  empty;  the  condition  of  the  person, 
whether  asleep  or  awake;  and  a  certain  idiosyncrasy  of  the  individual. 
The  symptoms  which  should  arouse  suspicion  of  acute  poisoning  are 
the  sudden  onset  of  pain  in  the  region  of  the  stomach  of  a  healthy  per- 
son, especially  of  a  "burning  pain,"  accompanied  by  dryness  of,  or 
a  metallic  taste  in,  the  throat;  more  or  less  vomiting;  great  prostra- 
tion of  the  vital  powers;  a  deathly  or  cadaveric  aspect,  or  an  expres- 
sion of  great  fear  or  concern;  the  rapid  intervention  of  coma,  and 
speedy  death.  If  all,  or  the  greater  number  of  the  above  symptoms 
are  present  in  any  case,  there  is  reason  for  suspicion,  and  the  physician 
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should  govern  himself  accordingly.  (See  remarks  under  Arsenic,  p. 
175.)  Poisons  may,  for  convenience,  be  divided  into  the  following 
five  classes,  based  upon  their  effects  upon  the  human  subject:  (i) 
corrosives;  (2)  hritants;  (3)  neurotics;  (4)  septic  poisons;  (5)  gaseous 
poisons. 

Corrosive  Poisons. — ^To  this  class  belong  those  poisons  which 
exert  principally  a  local  action  upon  the  tissues  with  which  they  come 
in  contact.  The  most  important  of  this  class  are  corrosive  sublimate, 
HgCl,;  the  concentrated  mineral  acids  (sulphuric,  hydrochloric,  nitric) 
and  oxalic  acid;  the  alkalies  and  their  carbonates  (potassium,  so- 
dium, and  anunonium  hydroxides  and  carbonates) ;  corrosive  salts,  as 
bisulphates  of  the  alkaline  metals,  alum,  nitrate  of  silver,  chloride 
of  zinc,  butter  of  antimony,  SbClg.  Carbolic  acid  is  a  violent  cor- 
rosive when  concentrated,  and  also  has  a  remote  effect  upon  the  sys- 
tem after  being  absorbed.  The  symptoms  of  corrosive  poisoning 
follow  immediately  after  taking  the  poison,  and  are  a  sense  of  acid, 
alkaline,  or  metallic,  biiming  pain  in  the  mouth,  throat,  gullet,  and 
stomach,  usually  inducing  vomiting,  which,  however,  does  not  relieve 
the  distress.  The  pain  soon  extends  over  the  entire  abdomen,  and 
is  accompanied  with  s3rmptoms  of  shock  or  collapse.  There  may  b^ 
staining  of  the  fauces  or  mouth. 

Irritant  Poisons. — Irritant  poisons  give  rise  to  pain  in  the  stom- 
ach of  a  burning  character,  usually  coming  on  some  minutes  or  hours 
after  taking  the  poison.  In  this  respect  they  differ  in  their  action  from 
the  corrosives.  The  pain  is  accompanied,  or  followed,  by  vomiting, 
faintness,  purging,  and  tenesmus;  the  evacuations  being  often  tinged 
with  blood.  The  pulse  is  weak  or  irregular,  and  there  is  frequently 
severe  headache.  Deatb  is  usually  caused  by  collapse,  convulsions, 
or  by  inducing  severe  inflammations,  which  wear  the  patient  out, 
after  a  variable  period  of  time.  Some  have,  also,  a  specific  physio- 
logical action,  besides  their  irritant  action.  The  following  are  the 
more  common  irritants:  Dilute  mineral  acids,  concentrated  organic 
acids,  lime,  zinc,  copper,  barium,  silver,  and  mercuric  salts;  all  com- 
pounds of  arsenic  and  antimony;  phosphorus,  iodine,  bromine,  etc. 
Many  kinds  of  food  may,  under  certain  conditions,  become  irritant 
poisons.  Meat,  fish,  lobsters,  tomatoes,  etc,  esf)ecially  after  having 
been  canned  and  then  exposed  to  the  air.  (See  Ptomaines  and 
Toxins.) 

Neurotic  Poisons. — The  neurotics  exercise  their  action  through 
the  nervous  S3rstem,  and,  therefore,  only  after  absorption  into  tSe 
circulation.  They  rarely  exert  any  local  action.  The  neiux)tics  are 
sometimes  subdivided  as  follows: 
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EZAMTLIS. 

Narcotics^  or  those  producing  sleep, ^ Opium. 

Anesthetics,  or  those  produan^  insensibility, Chloroform. 

Inebriants,  or  those  producing  intoxication, Alcohol. 

Deliriants,  or  those  producing  delirium, H706C3ramu& 

CoiiTulsiyes,  or  those  produans  spasms Strychnine. 

Hj^posthenisonts.  or  those  producing  death  by  syncope, Prussic  add. 

DepressantSi  or  those  producing  marked  depression, Nicotine. 

Septic  Poisons. — ^To  this  class  belong  certain  poisons  introduced 
into  the  body  through  abrasions  of  the  skin,  open  wounds,  or  by  the 
fangs  or  stings  of  venomous  animals  or  insects.  In  many  respects 
these  poisons  resemble  in  their  action  the  depressing  narcotics. 

Poisonous  Gases. — To  this  class  belong  carbon  monoxide  (char- 
coal fumes),  carbon  dioxide  (choke-damp),  marsh-gas  (fire-damp), 
formaldehyde,  ammonia,  sulphurous  oxide,  illuminating  gas,  hyd]x>- 
carbon  vapors,  sewer-gas,  confined  air  of  living  apartments,  and  nox- 
ious gases  and  vapors  from  manufacturing  establishments. 

TRBATMERT  OF  ACUTE  POISOHHIO. 

In  every  case  of  acute  poisoning,  or  where  the  symptoms  and 
circumstances  indicate  that  a  poison  has  been  taken,  the  following  is 
the  course  to  pursue: 

I.  Get  the  poison  oat  of  the  system  as  soon  as  you  can,  or  neu- 
tralize it,  if  it  be  a  caustic. 

3.  Neutralize  what  you  can  not  remove. 

3.  Favor  the  natural  elimination  of  the  poison. 

4.  Combat  any  dangerous  symptoms  as  they  arise. 

The  first  of  these  steps  may  be  secured  in  one  of  two  wa)rs— viz., 
by  the  use  of  emetics,  or  the  stomach-tube.  Unless  corrosives  have 
been  swallowed  and  there  is  danger  of  domg  damage  in  inserting  it, 
the  stomach-tube  may  be  mtroduced  through  the  mouth  or  even 
through  the  nose.  By  attaching  a  funnel  to  the  upper  end  of  this, 
tepid  water  may  be  run  into  the  stomach.  On  now  turning  the  per- 
son upon  hb  face  or  lowering  the  end  of  the  tube,  it  acts  as  a  sq)hon 
to  run  the  water  out.  Repeat  this  process  sevaral  times  as  in  the 
process  of  lavage,  or  until  you  are  sure  all  poison  b  removed  from 
the  stomach.  In  the  absence  of  a  funnel,  make  as  a  substitute  a  cup- 
shaped  cavity  about  the  upper  end  of  the  tube  with  wax,  putty,  or 
wet  day.  The  proper  antidote  or  an  emetic  may  be  dissolved  in  the 
last  water  used. 

THE  PRINCIPAL  EBiETICS. 

Zinc  Sulphate. — Give  20  grains  at  once,  or  dissolve  ^  drachm 
b  2  ounces  of  water^  and  give  a  tablespoonful  eveiy  fifteen  minutes. 
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Copper  Sulphate. — Give  5  grains  every  fifteen  minutes,  or,  still 
better,  10  grains  at  once,  followed  by  iepUi  water. 

Alum. — ^A  tablespoonful,  given  in  syrup  or  honey. 

Mustard  (ground). — ^A  dessertspoonful  stirred  in  tq)id  water  and 
quickly  swallowed.    Very  efficient,  and  b  somewhat  stimulating. 

Apomorphine. — Give  ^  ot  a,  grain  hypodermatically. 

Syr.  Ipecacuanha. — ^Used  mostly  for  children.  Is  depressing. 
One  fluidrachm  every  fifteen  minutes  to  a  child  two  years  old,  until 
emesis  b  produced. 

Tepid  Water. — Drink  copiously  and  until  emesis  occurs.  It  may 
be  assisted  by  tickling  the  throat  with  a  feather  or  the  extended  finger. 

Common  Salt. — ^A  tablespoonful  in  a  pint  of  lukewarm  water  is 
often  effectual. 
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THE  CORROSIVE  POISONS. 

Strong  Mineral  Acids.— Sulphuric,  hydrochloric,  nitric  Symp- 
toms:  Staining  of  mouth  or  throat;  immediate  pain;  vomiting;  great 
prostration. 

Antidotes. — Chalk,  lime-water,  whitewash,  magnesia,  milk  of  mag- 
nesia, plaster  from  the  wall,  baking-soda,  soap.  Then  give  oil  freely 
and  muciladnous  drinks.  Do  not  give  emetics  or  use  stomach- 
pump.    All  antidotes  must  be  well  diluted  before  they  are  given. 

Corrosive  Vegetable  Acids.— Oxalic,  tartaric,  acetic.  Sympioms: 
Burning  pain,  constriction  in  throat,  and  usually  vomiting.  Extremi- 
ties cold;   coimtenance  livid. 

AntidoUs. — Same  as  for  mineral  adds,  except  in  the  case  of  oxalic 
acid.  When  this  acid  is  suspected  to  have  been  taken,  use  lime-water 
or  chalk  only.  Then  give  mucilaginous  drinks,  white  of  egg  and 
lime-water,  and  stimulants. 

Carbolic  Acid,  Phenol.— 5ym^/om^.— Pain  in  stomach  and 
whitened  stains  in  mouth;  odor;  contracted  pupils;  coma;  death 
by  collapse. 

Treatment. — Emetics  or  stomach-tube,  unless  the  quantity  taken 
was  large  and  in  the  pure  state.  Sodium  sulphate  in  solution  has 
been  reconunended.  Alcohol,  twenty-five  per  cent.,  may  be  given 
before  using  the  tube  or  emetics.  Alcohol  may  also  be  added  to  the 
wash-water.  Albumin  of  eggs  given  freely.  Treat  the  collapse  by 
diluted  whisky  and  by  injecting  stimulants. 

Caustic  and  Carbonated  Alkalies.— 5ym^l0iii5.— Acrid,  burning 
taste   in   the   mouth,  throat,  esophagus,  and   stomach;   hoarseness; 

34 


SI4  MEDICAL  CHEiaSTKY. 

dyspnea;  vomiting  of  blood  and  mucus;  surface  dammy;  pulse  rapid; 
pain  over  abdomen,  and  diarrhea. 

^  Treatment. — ^Well-diluted  vegetable  adds,  such  as  vin^ar,  lemon- 
juice,  tartaric  or  citric  acids;  fixed  oils,  such  as  castor,  linseed,  olive> 
or  cod-liver  oil.  Mucilaginous  drinks  may  be  given  freely.  Do  not 
give  emetics  or  use  stomach-pump  lest  the  stomach-wall  be  perforated. 

nUUTANTS. 

For  general  symptoms,  see  page  510. 

Antimony,  Tartar  Emetic^  Wine  of  Antimony  or  Oxide  of 
kD\imonj.'--SympUmis. — Metallic  taste;  nausea;  violent  vomiting; 
burning  heat  and  pain  in  the  stomach;  puiging;  cramps,  cold  per- 
spiration, and  great  debility. 

TrtatmerU, — ^Assist  the  vomiting  by  draughts  of  warm  water,  or 
mucilaginous  drinks,  such  as  flaxseed-tea.  Then  give  a  cup  of  strong 
tea,  or  an  infusion  of  oak-bark,  or  a  solution  of  tannin.  This  may 
be  followed  by  opiates  and  stimulants. 

Chloride  of  Antimony,  Butter  of  AnMmonj. ^Symptoms. — 
Same  as  above,  but  more  caustic 

Antidotes, — Magnesia,  with  milk  and  water,  baking-soda,  tannin, 
as  above  for  tartar  emetic. 

Potassium  Bichromate. — Symptoms. — Violent  purging;  painful 
vomiting  of  yellow  vomit;  dilated  pupils;  cramps  in  the  legs;  great 
depression. 

Treatment. — Free  use  of  lime-water,  or  magnesia  in  milk. 

Arsenic,  White  Arsenic,  Arsenous  TrioidAt.'— Symptoms. — 
Come  generally  within  a  half-hour,  but  may  be  delayed  two  or  three 
hours.  Faintness;  nausea;  constant  vomiting;  burning  pain  in  the 
stomach,  increased  by  pressure,  and  soon  extends  over  abdomen; 
headache  (frontal);  may  be  bloody  diarrhea;  great  thirst;  catching, 
painful  respiration;  quick,  feeble  pulse;  cold  extremities,  and  anxious 
countenance.    Death  by  collapse  within  twenty-four  hours. 

Treatment. — Expel  the  poison  by  thorough  emesis,  which  may  be  en- 
couraged by  the  free  use  of  albuminous  or  mucilaginous  drinks.  As  an 
antidote,  give  raw  eggs,  beaten  up  in  milk;  freshly  precipitated  ferric 
hydrate  or  ferric  hydrate  with  magnesia.  The  first  is  nmde  by  mix- 
ing together  100  c.c.  of  liquor  ferri  tersulphatis  (U.  S.  P.),  diluted 
with  1000  C.C.  of  cold  water  and  no  c.c.  of  ammonia  water  diluted 
with  250  C.C.  of  water.  Let  settle  and  wash  it  by  decantation.  filter 
through  muslin,  and  shake  the  precipitate  up  with  250  c.c.  (i  tumbler- 
ful) of  water. 

Ferric  hydrate  with  magnesia  is  prepared  by  shakmg  up  10 
gm.  of  calcined  magnesia  in  a  quart  bottle  with  about  800  cc.  of  water 
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iinta  a  smooth  mixture  is  obtained;  add  50  c.c.  of  solution  of  ferric 
sulphate  (U.  S.  P.),  and  shake  again  until  a  uniform  smooth  mixture 
is  obtained,  when  it  is  ready  for  use.  Solution  of  dialyzed  iron  has. 
been  used  with  success.  These  should  be  followed  by  stimulants^ 
well  diluted. 

Metallic  Salts,  Alum. — Alkaline  bicarbonates,  baking-soda. 

Soluble  Barium  Salts. — Soluble  sulphates,  Epsom  or  Glauber's 
salt.    Then  give  emetics. 

EMETIC  POISONS. 

Soluble  Copper  Salts.— Albumin,  white  of  egg  and  milk,  baking- 
soda,  followed  by  an  emetic. 

Iron,  Green  Vitriol,  Persulphate  of  Iron. — Baking-soda  and 
emetics  or  stomach-tube. 

Lead,  Sugar  of  Lead,  White  Lead.— Solution  of  Epsom  or 
Glauber's  salt  given  with  raw  eggs.  Then  give  emetics,  folk)wed  by 
castor  oil. 

Mercury,  Corrosiye  Sublimate.— Albumin,  white  of  egg,  flour 
and  milk,  followed  by  emetics  or  stomach-pump,  unless  the  poison 
was  taken  in  a  concentrated  form.    Then  do  not  use  the  pump. 

Silver  Nitrate,  Lunar  Caustic. — Common  salt,  then  emetics. 

Zinc  Chloride,  Soldering  Fluid,  Burnett's  Fluid.— Baking-soda, 
milk,  white  of  egg,  tea,  decoction  of  oak-bark.  Give  opium  to  re- 
lieve the  pain,  then  emetics  if  necessary. 

Tin,  Chloride  of. — Baking-soda,  magnesia,  milk,  and  white  of  egg. 

Iodine. — Most  common  form  the  tincture.  Give  boiled  starch- 
paste,  made  thin  enough  to  drink.  In  urgent  cases  use  starch  or  flour, 
with  cold  water.    Produce  vomiting  or  use  the  stomach-tube. 

Phosphorus,  Rat-poison.— Has  no  true  chemical  antidote. 
Magnesia,  milk  of  magnesia,  chalk,  or  lime  suspended  in  gruel;  tur- 
pentine. Give  no  fixed  oils.  Produce  vomiting  or  use  the  stomach- 
tube  or  pump. 

Poisonous  Meat,  Fish,  Lobsters,  etc.— 5ym^/0m5.— Nausea  and 
vomiting  three  to  four  hdurs  after  taking  food,  gastro-intestinal  irri- 
tation, great  depression,  scarlet  rash  at  times,  convulsions  in  young 
subjects,  pupib  either  dilated  or  contracted.    Recovery  usual. 

Treatment. — Encourage  vomiting  by  copious  drafts  of  warm  water; 
counteract  depression  with  diluted  brandy  or  whisky;  relieve  pain 
with  opium  or  one  of  its  preparations.  Apply  hot  fomentations  to 
the  abdomen.  When  vomiting  ceases,  give  castor  oil  or  saline  ca- 
thartic. 
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NEUROTICS. 

Karcotics— Opium,  Morphine,  Laudanum,  Paregoric,  Sooth- 
ing Syrups,  Quieting  Cordials,  etc.— ^^fm^/om^.— Appear  in  twenty 
to  thirty  minutes.  Commence  with  giddiness,  drowsiness,  stupor, 
insensibility,  with  slow  and  stertorous  breathing,  weak  pulse,  con- 
tracted pupils,  not  reacting  with  light;  surface  sometimes  cold,  some- 
times bathed  in  sweat;  countenance  livid.  There  b  occasionally 
vomiting  or  convulsions  preceding  death. 

TrecUmetU. — First  empty  the  stomach  of  any  poison  still  remaining 
unabsorbed,  by  emetics  or  the  stomach-pump  or  tube.  The  patient  is 
to  be  kept  awake  by  forced  walking,  by  the  cold  douche,  or  flagel- 
lations with  wet  towels.  Faradic  dectricity  may  be  applied  to  the 
spine.  Give  strong  coffee  in  abundance.  Atropine  hypodermatically, 
in  y^-grain  doses,  repeated  until  the  pupib  show  its  effects. 

Anesthetics— Vapors  of  Chloroform  or  Ether,  Chloral, 
Methylene  Dichloride,  Nitrous  Oxide,  etc.— Pure  air,  coki 
douches,  artificial  respiratk)n,  hypodermic  injections  of  brandy,  aqua 
ammonis  (diluted),  nitrite  of  amyl,  or  nitrc^ycerin.  Galvanism  or 
faradism  may  be  employed,  if  the  instruments  are  at  hand,  but  are  of 
doubtful  benefit. 

Inebriants— Alcohol,  Cocculus  Indicus,  Nitrobenzene 
(Essence  of  Hirbane),  Anilin,  etc. — Emetics  or  stomach-pump, 
when  there  is  reason  to  believe  that  any  poison  remains  unabsorbed; 
then  ammoniiim  carbonate,  hydroxide  or  acetate  well  diluted.  Treat 
the  narcosis  as  under  opium. 

Hyposthenisants  or  Syncopants— Prussic  Acid  (Hydrocyanic 
Acid),  Potassium  Cyanide,  Laurel-water,  Peach-pits,  Cherry- 
pits,  Pliim-pits,  etc. — ^No  chemical  antidote.  Emetics  or  stomach- 
pump,  where  there  is  time.  Cold  affusions  to  the  face  and  neck,  inhala- 
tions of  anmionia;  spirits  of  ammonia  or  nitroglycerin  should  be  given 
internally,  with  brandy. 

Aconite  (Monkshood,  Wolfsbane,  Blue  Rocket).— Symptoms.— 
Heat,  numbness,  and  tingling  in  the  mouth  and  throat,  giddiness,  loss 
of  muscular  power,  sometimes  ddirium  or  purging.  The  skin  b  cold, 
the  pulse  extremely  feeble,  breathing  oppressed.  Death  by  collapse 
or  asphyxia. 

TreatmcfU  must  be  prompt.  Emetics  or  stomach-pump.  Give 
castor  oil,  animal  charcoal,  or  strong  coffee.  Stimulants  will  be 
needed — brandy,  ammonia,  nitrite  of  amyl,  nitroglycerol.^  Artificial 
respiratk>n  if  necessary. 
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DELIHIANTS. 

Belladoima  (Deadly  TXi^tMhadt).Sympknns.-'J>ryness  of 
fauces,  thirsty  flushing  of  face,  dilatation  of  the  pupil,  double  vision, 
giddiness,  indistinct  vision,  ddirium  and  stupor,  or  occasionally  con- 
vulsions.   Symptoms  appear  in  a  half-hour  after  dose. 

Treaiment. — Stimulants,  emetics;  morphine  acts  well  in  some  cases. 

Stramonium  (Thorn-apple ,  Jamestown  Weed).— Fruit  and 
leaves  are  poisonous.    Symptoms:  Same  as  belladonna. 

Treatment. — ^As  in  bdladonna. 

Hyoscyamus  Niger  (JELtxAiBXUt). --Symptoms. — Giddiness,  excite* 
ment,  sense  of  wei^t  in  the  head,  drunkenness,  delirium,  dilated 
pupils,  double  vision,  ending  in  coma. 

Treatment. — Stomach-pump,  emetics,  stimulants,  and  full  doses  of 
castor  oil. 

NEUSOnCS  PRODUCING  CONVULSIONS. 

Hnz  Vomica,  Bnsciney  and  Strychnine.— 5)rm^(9fff5.— Intense 
bitter  taste,  foUowed  in  a  few  minutes  by  difficult  breathing,  stiffness 
in  neck,  muscular  twitchings,  quivering  of  frame.  The  head  is  drawn 
back,  the  body  arched  backward.  The  face  becomes  dusky  and 
drawn.    Soon  there  are  dbtinct  spasms  and  great  fear  of  death. 

Treatment. — Emetics  or  stomach-pump  before  spasms;  then  tannin, 
tea,  oak-bark  tea.  Keep  the  patient  warm  and  quiet  Chloroform 
9r  chloral  to  control  the  q>asms. 

DEPRESSANTS. 

Digitalia  (purple  foxglove),  tobacco,  lobelia,  colchicmn 
(meadow  saffron),  white  hellebore.— ^^^i^/cm^.— Those  of  great 
depression,  vomiting,  irregular  heart-action. 

Treatment. — Stimulants,  emetics  (mustard),  and  purgatives.  Use 
stimulants  freely.  Wash  out  the  stomach  if  seen  in  time,  or  give  a 
mustard  emetic. 

Bites. — First  wash  thoroughly,  then  paint  with  carbolic  acid 
(one-fourth  strength)  or  tincture  of  iodine.  Tie  a  handkerchief  tightly 
above  the  wound,  imtil  the  above  applications  or  strong  nitric  acid  can 
be  applied.  Give  alcohol  freely  m  bites  of  snake,  scorpion,  tarantula, 
etc. 

Stings. — Extract  "stinger"  if  left  behind.  Apply  mud,  or  a  paste 
made  of  bakins-soda,  or  wash  with  weak  ammonia- water. 

Poisoned  wounds,  '\  —Paint  the  wound  and  around  it  with 
Dissecting  Wounds,  >  tincture  of  iodine  or  carbolic  acid  (one- 
Infectious  Diseases.)  fourth  strength).  Give  stimulants  internally. 
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Poisonous  Gases--Sulphtiretted  Hydrogen,  Chlorine,  Bro- 
mine.  Carbon  Monoxide  and  Dioxide,  Nitrous  Fumes,  Illuminat- 
ing Gas,  Sulphurous  Oxide,  etc.— See  Spedai  Gases  in  text. 

Treatment. — Fresh  air,  rest,  and  mild  stimulation.  Artificial 
respiration  when  necessary. 


UfCOMPATIBLES. 

Substances  are  said  to  be  chemically  incompatible  when,  on  being  mixed  to- 
gether, they  so  react  upon  each  other  as  to  cause  an  entire  change  in  the  properties 
of  the  substances  thus  mixed.  They  may  cause  the  evolution  of  a  ffas,  an  explosive 
mixture  or  compound,  a  poisonous  or  very  active  substance  formed  from  compara- 
tively inert  ones,  or  a  precipitation  of  one  or  the  other  of  the  ingredients  in  the  new 
compounds  formed. 

Sometimes  two  or  more  substances  are  brought  together  with  the  intent  of  pro- 
ducing a  new  substance  different  from  either,  as  2KI  +  HgCl,  «  Hgl,  +  2KCI. 
This  can  hiCrdly  be  regarded  as  an  incompatible  mixture. 

Of  physiological  and  therapeutical  incompatibility  we  shall  have  nothing  to  say 
here.    The  student  will  find  the  following  rules  of  value  to  him  in  the  beginning: 

1 .  A  free  acid  is  incompatible  with  the  alkaloids  and  the  metallic  hydroxides  and 
carbonates.  The  mineral  acids  will  displace  the  organic  adds  from  their  salts. 
The  converse  of  these  statements  is  also  true — i.  e,,  metallic  hydroxides  and  car- 
bonates are  incompatible  with  the  acids. 

2.  If  two  substances,  when  mixed,  can  form  an  insoluble  third  body,  or  can  react 
so  as  to  generate  a  gas,  ^ey  are  incompatible. 

A  knowledge  of  the  solubility  of  the  ordinary  salts  is,  therefore,  of  great  impor- 
tance to  the  physician.  For  example,  lead  or  barium  can  not  exbt  in  a  solution  with 
a  sulphate;  silver,  lead,  or  mercurous  mercury  can  not  exist  in  a  solution  with  a 
chloride. 

Substances  are,  therefore,  incompatible  with  their  tests  and  antidotes. 

3.  The  alkaline  hydroxides  and  carbonates  are  incompatible  with  the  salts  of  the 
alkaloids  and  most  salts  of  the  heavy  metals. 

4.  Iodides  and  bromides  precipitate  most  of  the  heavy  metab,  and  are  therefore 
incompatible  with  them. 

5.  The  vegetable  astrin^nts  and  bitters  owe  their  properties  largely  to  their  gal- 
lic acid  and  tannin.  Tanmn  and  most  vegetable  astrin^nts  precipitate  the  heavy 
metals  from  their  salte,  and  are  therefore  incompatible  with  them. 

6.  Powerful  oxidizing  agents  (strong  nitric  acid,  potassium  permanganate,  hy- 
drogen peroxide,  chlorine,  the  hypochlorites,  potassium  chlorate,  etc.)  should  not  be 
mixed  with  easily  oxidizable  organic  substances,  for  fear  of  forming  explosive  com- 
pounds. 

7.  The  two  principal  solvents  of  the  U.  S.  P.  are  alcohol  and  water.  Each  of 
these  has  its  own  class  of  easily  soluble  bodies.  These  bodies  are  often  precipitated 
from  their  solutions  in  either  of  these  solvents  by  the  addition  of  the  other.  Thus, 
the  tincture  of  iodine,  camphor,  essential  oils,  the  gums  and  gum-resins,  aloes,  etc., 
are  precipitated  or  rendered  unsightly  by  the  addition  of  water  or  watery  solutions 
of  drugs  or  chemicals. 

8.  There  are  some  solutions  that  should  always  be  prescribed  alone,  or  in 
a  plain  watery  solution,  as  they  readily  decompose.  Among  these  may  be  men- 
tioned the  compound  syrup  of  hypophosphites;  Fowler's,  Donovan's,  and  Lugol's 
solutions. 

These  few  rules  will  serve  to  call  the  student's  attention  to  the  subject,  and  to  tbo 
general  principles  of  incompatibles. 


PART  V. 


PHYSIOLOGICAL  CHEMISTRY. 

Composition  of  the  Animal  Body. — ^An  animal  or  vegetable  body 
is  composed  of  a  single  cell  or  a  collection  of  co-ordinating  cells.  These 
cells  may  differ  from  one  another  in  function  and  in  chemical  compo- 
sition. From  a  chemical  point  of  view,  an  animal  body  is  composed  of  a 
variety  of  definite  chemical  compounds  combined  in  a  manner  imknown 
to  us,  but  which  can  be  separated  from  one  another  by  proximate 
chemical  analysb. 

We  have  no  definite  knowledge  of  the  exact  chemical  composition 
of  living  matter,  as  our  methods  of  analysis  decompose  it  and  show  us 
only  the  composition  of  the  dead  matter.  The  human  body  is  made 
up  of  solid  tissue,  consisting  of  a  network  of  cells,  and  certain  fluids 
composed  of  water  holding  in  solution  or  suspension  various  inorganic 
salts  and  organic  substances  or  proximate  principles.  Each  kind  of 
tissue  differs  in  chemical  composition  from  other  tissues. 

The  elements  which  enter  into  the  composition  of  the  body  are 
mostly  those  of  groups  one  and  two  of  the  periodic  system,  or  elements 
of  low  atomic  weights.  The  symbols  of  the  fourteen  elements  to  be 
considered  as  the  most  important  are  H,  C,  N,  O,  CI,  Fl,  S,  P,  Si,  Na, 
K,  Mg,  Ca,  and  Fe.  Besides  these  eleven  others  occur  in  very  small 
quantities  in  certain  tissues  of  plants  or  animals.  The  symbob  of 
these  are:  B,  I,  Br,  Li,  Mn,  Cu,  Zn,  Rb,  Pb,  Sr,  Ce.  These  latter 
are  not,  therefore,  essential  elements.  Moss  gives  the  following  as  the 
approximate  ultimate  analysis  of  a  man  5  feet  8  inches  in  height  and 
weighing  148  pounds: 

Oxygen 93.4  lbs.  Chlorine o. 1 2  lb. 

Hydrogen 14.6   "  Sodium 0.12  " 

Carbon 31.6  "  Iron 0.02  " 

Nitrogen 4.6   "  Potassium 0.34  " 

Phosphorus 1.4    "  Magnesium 0.04  ** 

Calcium 2.8    "  Silica trace 

Sulphur 0.24  "  Fluorine 0.02  lb. 

It  will  be  seen  that  the  three  predominating  elements  are  O,  C,  and  H. 
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All  these  elements  must  be  derived  from  foods,  except  the  oxygen 
taken  from  the  air. 

Living  organisms  may  be  divided  into  two  distinct  classes — 
plants,  which  grow  silendy  imder  the  action  of  sunlight,  and  animals, 
which  also  grow,  but  manifest  their  impressions  and  their  will  by 
active  movements.  This  difference  is  not  well  marked  in  all  cases, 
however,  as  plants  are  known  which  exhibit  active  movements. 

Plants  are  distinguished  from  animals  by  (i)  The  character  of 
their  food;  (a)  their  respiratory  process  and  products;  (3)  the  character 
of  their  metabolism. 

The  vegetable  receives  its  energy  principally  from  the  sun's  rays,  and  feeds 
chiefly  upon  substances  from  the  mineral  kingjiom,  CO,,  N,  and  H,0,  wtdch  are 
destitute  of  potential  eneigy.  With  these  substances  it  undertakes  to  build  up  an 
organism. 

In  order  to  do  so,  the  absorption  of  the  energy  in  the  form  of  hea{  and  li^t 
is  necessary.  These  it  obtains  from  the  sun,  or  from  some  artificial  source  of 
light  and  heat  which  can  take  its  place.  By  the  aid  of  these,  it  chemically 
combines  inert  bodies  into  potential  organic  substances. 

Animals,  on  the  other  hand,  decompose  and  render  sensible  the  potential 
energy  stored  up  in  organic  substances  prepared  by  the  plant.  This  energy  th«y 
convert  into  kinetic  energv  (heat,  nervous  eneijgy,  and  muscular  movemem).  At 
the  same  time  they  eject  tne  used-up  products  in  the  chemically  inert  form  of  CO^ 
H,0,  and  urea,  suited  for  the  use  ot  the  plant 

In  a  word,  the  animal  lives  on  the  eneigy  stored  up  by  the  plant.  When 
an  animal  inspires,  it  absorbs  a  quantity  of  oxygen  which  varies  from  o.oi  to  0.30  of 
its  weight  in  every  twenty-four  hours.  Almost  all  of  this  oxygen  is  used  to  produce 
CO,  and  ILO  by  oxidation  of  combustible  matters.  This  is  the  principal  source  of  its 
energy.  Plant  cells  also  respire  in  the  same  way  and  for  the  same  purpose  as  aninud 
cells,  and,  in  doing  so,  use  up  a  part  of  their  stored  energy,  in  exactly  the  same 
iTiann<*r  as  do  animals,  by  oxidation. 

The  functions  of  the  protoplasm  in  plants  reouire  the  expenditure  of  energy, 
and  this  energy  is  producea  by  the  oxidation  of  stored  up  combustibles.  In  the  plant, 
then,  we  have  two  processes  going  on  at  the  same  time — the  taking  in  of  CO,  and 
H,0  and  the  construction  of  complex  organic  compounds  from  them,  and  the  burn- 
ing up  of  a  portion  of  these  compounds  to  furnish  Uie  necessary  vital  energy  to  carry 
on  its  functions,  with  the  exhalation  of  CO,  and  H,0.  The  balance,  however,  is  in 
favor  of  the  first  of  these  processes,  during  tne  day-time;  but  at  night  the  plant  lives 
like  an  animal,  bcnrowing  its  enei^gy  from  the  combustion  of  its  reserves.  This  fact 
is  shown  by  the  increase  of  temperature  of  certain  plants  at  night,  and  of  flowers  just 
at  the  moment  of  expanding,  or  in  the  heat  developed  by  the  sprouting  of  grain, 
when  the  only  source  of  energy  is  the  decomposition  of  reserves. 

Chlorophyll. — ^The  green  coloring  matter  of  plants  is  called  chloro- 
phyll. When  the  green  parts  of  a  plant  are  exposed  to  air  and  sun- 
light, they  have  the  power  of  absorbing  a  small  amount  of  CO,  from  the 
air,  and  returning  oxygen  to  the  air.  If  we  examine  the  plant  for  the 
carbon,  we  find  a  series  of  bodies  which  have  been  studied  under  the 
name  of  carbohydrates— viz.,  dextrose,  levulose,  sucrose,  starch,  etc. 
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The  agent  which  causes  the  decomposition  of  water  and  carbon 
dioxide  has  been  proven  to  be  the  green  coloring  matter  oiF  the  leaves, 
under  the  influence  of  light. 

This  coloring  matter,  or  chlorophyll,  will  produce  this  change  even 
when  exhausted  from  the  leaf  with  alcohol  or  petroleum  ether.  The 
rapidity  of  the  absorption  of  CO,  and  the  evolution  of  O  is  propor- 
tional to  the  intensity  of  the  actinic  rays  of  the  light.  The  light  from 
an  electric  light,  or  a  strong  gas-light,  will  also  cause  the  change. 

The  ^mthesis  of  Carbohydrates  by  Plants.— The  reaction  be- 
tween CO,  and  H,0  that  takes  place  in  plants,  by  which  CO,  disap- 
pears and  oxygen  is  evolved,  may  be  represented  as  follows: 

CO,       +       H,0       -       O,       +       C^^^ 

H 

I  vohune.  i  Tohime.  Forauldehjde. 

There  are  reasons  for  thinking  that  this  reaction  does  not  exactly 
represent  the  change  that  takes  place,  but  that  the  chlorophyll,  under 
the  action  of  the  sim's  rays,  combines  with  hydrogen,  obtained  by 
the  decomposition  of  H,0,  to  form  a  hydride,  and  the  liberation  of 
oxygen. 

This  hydride  of  chlorophyll,  or  chlorophyllin,  gives  up  its  hy^ 
drogen  to  the  CO„  according  to  the  following  reaction: 

H,  +  CO,  -  COH,  +  O. 

In  either  case,  the  first  compound  formed  is  formaldehyde,  which 
by  poljrmerizmg  forms  C,Hi,0„  or — 

H     H     H     H     H 
H     O     O     O     O      I 
0  =  C  — C  — C  — C  — C  — C  — OH 
H     H     H     H     H 

It  is  thus  that  the  plant  prepares  the  hexoses  and  pentoses,  by  the 
poljrmerization  of  formaldehyde,  and  then  by  slight  changes,  sudi  as 
hydration  or  dehydration  of  die  product,  these  are  changed  into  disac- 
charids  and  polysaccharids. 

The  organic  products  of  plant  synthesis  can  be  grouped  mto  the 
following  five  classes: 

1.  Alcohols,  the  sugars,  and  other  carbohydrates. 

2.  Fats. 

3.  Hydrocarbons. 

4.  Proteins. 

5.  Nitrogenous  non-protein  substances. 

Assimilation  of  Nitrogen. — It  has  been  proven  by  many  series 
of  experiments  that  the  higher  plants  can  not,  to  an  appreciable  ex- 
tent, assimilate  free  nitrogen  from  the  air. 
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The  present  state  of  our  knowledge  indicates  that  plants  receive 
the  most  of  their  nitrogen  as  nitrates  and  ammonia.  By  far  the  larg- 
est absorption  is  as  nitrates.  These  nitrates  are  produced  in  the  air 
by  electrical  discharges  and  the  evaporation  of  saline  waters.  (See 
p.  170.)  A  considorable  production  of  nitrates  takes  place  in  arable 
soils  under  the  influence  of  specific  bacteria,  which  act  upon  anmK>nia 
and  nitrogenous  matters  found  in  such  soils.  These  organisms  can 
also  fix  atmospheric  nitrogen  and  make  it  available  for  plant  nutri- 
tion. They  are  known  as  the  nitrifying  bacteria,  and  are  always 
present  in  soils  containing  vegetable  matter.    (See  p.  542.) 

It  is  probable  that  plants  can  absorb  urea  and  some  other  soluble 
nitrogenous  bodies  of  animal  origin,  to  a  slight  degree,  but  they  are 
quickly  transformed  in  the  cells  of  the  roots. 

As  we  are  not  acquainted  with  the  constitution  of  proteins,  we 
can  not  follow  the  reactions  for  the  buildmg-up  of  these  bodies  in  the 
plant.  We  do  know  by  experience  that  plants  thrive  best  on  nitrogen 
in  the  form  of  nitrates;  that  the  nitrates  enter  the  circulation  and 
reach  the  leaves,  where  they  meet  with  very  strong  reducing  agents  in 
formaldehyde  and  dextrose.  This  reduction  probably  takes  place  as 
we  see  it  in  warmmg  alcohol  with  nitric  acid,  with  the  production 
of  hydrocyanic  acid,  formic  acid,  and  water.  This  reaction  takes  place 
at  about  35**  to  40**  C. — L  «.,  at  summer  temperature. 

We  may  represent  the  reactions  as  it  would  occur  in  the  leaf  as 
follows: 

I.  2HNO,     +      5COH,      -      2HCN     +      3CO,     +      sHjO. 

Nitric  Add.  Fonnaldehyde.  Hydrocyanic 

Add. 

COH     COH 
2.  4CHOH  +  NH,  -  I  I  +  2H,0. 

Fonnaldchydc.  CH,  --  C— NH, 

XI 

Asparagin  Aldehyde. 

3.  sQHyNO,  «  C^^^N.O,  +  2H,0. 

4.  6Ci^„N,0,  +  6H,  +  H^  -  Q^,^«SO,  +  2H,0. 

lieberktihii's  Albumin 
F<Minula. 

The  presence  of  hydrocyanic  acid  is  well  known  in  the  almond, 
laurel,  rose,  peach,  and  many  other  leaves,  fruits,  and  flowers. 

Again,  it  has  been  shown  that  hydrocyanic  acid,  in  the  presence  of 
water  and  formaldehyde,  can  form  amino-acids  which  have  been 
recognized  as  among  the  decomposition  products  of  albumin.  It  is 
probable,  then,  that  the  origin  of  protein  bodies  in  plants  is  that  indi- 
cated here  in  brief  outline. 

The  amino-acids  once  formed,  can  be  transformed  into  proteins 
by  the  protoplasm  of  the  plant  cells,  by  which  plants  prepare  their 
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reserves  of  potential  organic  bodies,  or  bodies  that  on  oxidation  in  the 
animal  body,  when  used  as  food,  can  give  out  heat  and  nervous  and 
muscular  energy. 

Animal  Sjmthesis. — We  have  seen  that  the  general  result  of  plant 
growth  is  synthetical.  That  of  the  animal  is,  in  the  main,  destructive 
or  analytical  In  the  animal,  however,  we  have  synthetic  processes, 
which  resemble  those  of  the  plant.  There  are  a  few  animals  whose 
cells  possess  chlorophyll  (Hydra  viridis).  They  behave  like  plants 
in  the  simlight,  giving  off  oxygen  and  storing  up  carbon.  The  forma- 
tion of  fat  in  the  ammal  body,  from  proteins  and  carbohydrates,  is 
well  known.  Animab  find  it  necessary  to  store  up  resarve  products. 
They  convert  a  part  of  the  potential  energy  of  their  food  into  kinetic 
energy,  and  a  part  remains  as  potential  energy,  stored  up  in  the  form  of 
adipose  tissue.  When  the  food  taken  furnishes  more  energy  than  is 
required  for  present  needs,  the  excess  is  partly  stored  up  as  glycogen 
and  fat,  to  be  liberated  for  use  when  the  supply  is  deficient. 

Frozimate  Principles. — Vegetable  and  animal  tissues  are  com- 
posed of  mixtures  of  definite  chemical  compoimds  which  may  be  sepa- 
rated by  appropriate  chemical  processes.  Such  an  analysis  is  called 
proximate  analysis,  and  the  compounds  thus  separated  are  called 
proximate  principles. 

The  animal  foods  usually  consist  largely  of  protein,  fatty,  and 
mineral  matters,  except  in  case  of  milk,  which  contains  all  proximate 
principles,  or  it  is  what  has  been  called  a  perfect  food.  Vegetable 
foods  consist  of  carbohydrates,  proteins,  and  small  quantities  of  fats. 
Some  of  the  nuts,  however,  contain  larger  quantities  of  fats.  Although 
we  take  as  food  various  mixtures  of  vegetable  and  animal  tissues  and 
products,  we  may  divide  the  proximate  principles  into  carbohydrates 
(including  alcohols,  starch,  sugars,  and  gums),  fats,  proteins,  and 
mineral  salts.  Each  of  these  has  its  special  uses  in  the  economy, 
and  all  of  them  are  necessary  to  the  maintenance  of  perfect  health.  If 
either  of  them  is  lacking  in  our  food,  the  body  can,  for  a  time,  overcome 
the  deficiency  by  transforming  the  others  into  a  substitute  for  that  which 
is  missing.  It  is  found,  however,  that  this  is  always  attended  with  loss 
of  energy  and  well-being. 

Origin  and  R81e  of  Inorganic  Substances  in  the  Human 
Body. — Besides  the  organic  matters  of  which  we  have  briefly  traced 
the  origin,  there  exists  in  human  tissues  certain  inorganic  or  mineral 
matters,  which,  from  their  constant  presence,  must  have  an  important 
office  to  perform.  The  human  body,  as  a  whole,  contains  about  70 
per  cent,  of  water  and  30  per  cent,  of  solid  matters.  The  amount  of 
ash  left  on  burning  an  adult  body  is  from  3  to  5  per  cent.  Thus,  about 
a  fourth  of  the  body  is  made  up  of  dry  organic  matter. 
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Gaseous  Matters. — Oxygen,  partly  combined  and  partly  in  solu- 
tion, is  found  in  the  blood  and  in  almost  all  the  liquids  of  the  body. 
It  unites  in  the  blood  with  the  hemoglobin  of  the  red  blood-cells,  which 
renders  it  active  and  carries  it  to  all  the  tissues. 

In  this  manner  it  is  brought  in  contact  with  the  oxidizable  prod- 
ucts of  tissue  destruction,  and  bums  them,  and  assists  all  the  tis- 
sues in  disposing  of  waste  products  of  ceU-action.  An  adult  absorbs 
from  770  to  850  gm.  of  oxygen  daily,  and  exhales  by  the  lungs  540  to 
720  gm.  as  CO,;  a  part  of  the  remainder  is  exhaled  by4he  skin  in  the 
same  state,  and  a  part  is  converted  into  water,  urea,  and  other  oxida- 
tion products. 

The  oj^gen  excreted  is  about  one-fifth  more  thim  we  inhale^  the 
excess  coming  from  the  food  taken. 

Nitrogen  is  found  dissolved  in  the  blood  and  other  fluids,  and  is 
contained  in  all  cavities  which  are  filled  with  gas.  In  combination  it 
assists  very  largely  in  making  up  the  tissues. 

Carbon  dioxide  is  met  with  in  expired  air,  and  in  the  gases  of  the 
intestine,  and  in  solution  in  many  of  the  fluids  of  the  body.  In  the 
blood,  saliva,  lymph,  bile,  and  other  fluids,  it  is  found  in  combina- 
tion as  carbonates  of  the  alkaline  and  earthy  metals. 

In  the  blood  it  is  also  found  combined  with  the  alkaline  pho^hates. 
One  molecule  of  sodium  phosphate,  which  alkalinizes  the  blood,  com- 
bines with  2CO^  This  weak  compound  can  be  decomposed  and  the 
CO,  expeUed  by  passing  through  the  fluid  an  inert  gas  at  37^C.  (pS.s^F.), 
or  by  the  presence  of  oxygen  combined  with  hemoglobin. 

It  also  forms  weak  combinations  with  serum-globulin  of  the  blood. 
When  diluted  with  water  and  heated,  or  when  subjected  to  a  nearly 
complete  vacuum,  these  compounds  part  with  the  carbon  dioxide.  The 
COj  is  carried  from  the  tissues  to  the  lungs  in  these  weak  combinations. 

Hydrogen  is  found  free  in  the  gases  of  the  intestine,  where  it  is 
liberated  by  fermentations. 

Water  forms  about  seventy  per  cent,  of  an  adult  human  body.  The 
proportion  is  greater  in  infants  and  less  in  the  aged. 

An  adult  takes  in  about  2500  c.c.  and  excretes  about  2600  c.c.  daily. 
The  excess  of  100  c.c.  excreted,  above  that  taken  in,  comes  from  the 
oxidation  of  the  food  or  tissues.  The  proportion  of  water  varies  con- 
siderably in  the  various  tissues  and  fluids  of  the  body.  The  sweat 
contains  99.5  per  cent;  the  lymph,  93  to  96  per  cent.;  chyle,  90  to 
97  per  cent;  milk,  86  to  90  per  cent.;  blood,  78  per  cent.,  as  a  mean; 
nerves,  70  per  cent.;  brain,  75  per  cent.;  muscles,  76  per  cent.;  carti- 
lage, 55  per  cent. ;  bones,  22  to  40  per  cent. ;  teeth,  10  per  cent. 

Water  is  essential  in  carrying  on  the  vital  processes.  It  dissolves 
the  substances  intended  for  the  nutrition  of  the  tissues,  as  well  as  the 
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waste  products  of  their  disintegration.  It  is  thus  the  medium  of  all 
chemical  reactions  taking  place  within  the  body,  and  of  the  transfer 
of  materials  from  one  place  to  another.  Water  is  one  of  the  chief  agents 
used  by  plants  in  building  up  the  carbohydrates.  It  is  also,  in  the  animal, 
one  of  the  chief  agents  used  in  the  digestion,  assimilation,  and  dissimi- 
lation of  the  proximate  principles  of  foods.  The  water  of  the  tissues 
may  be  diminished  by  hemorrhages,  diarrhea,  and  other  exhausting 
discharges.  The  person  thus  affected  usually  suffers  intense  thirst,  and 
water  should  be  supplied  freely.  It  sometimes  becomes  necessary 
(hemorrhage,  cholera)  to  supply  the  water  by  intravenous  injections 
of  a  0.7s  per  cent,  salt  solution. 

Frogs  die  when  they  have  bst  an  amount  of  water  equal  to  thirty  per 
cent,  of  their  body-weight;  but  they  can  live  for  two  days  in  an  atmos- 
phere of  pure  oxygen,  after  all  their  blood  has  been  displaced  by  a  0.75 
per  cent,  salt  solution.  (Oertmann.)  During  thb  time  they  use  the 
same  amount  of  oxygen  and  exhale  the  same  amount  of  CO,  as  in  health. 
A  considerable  increase  of  water  in  the  body  is  harmful,  as  it  increases 
tissue-waste,  dissolves  hemoglobin  from  the  red  corpuscles,  and  thus 
reduces  the  oxygen-carrying  power  of  the  blood,  and  washes  away  the 
soluble  saline  matters.  Injections  of  a  great  excess  of  water  directly 
into  the  circulation  may  cause  death. 

A  deficiency  of  water,  if  prolonged,  leads  to  the  accumulation 
of  waste  products  in  the  blood  and  tissues,  to  deficient  nutrition,  often 
leading  to  constipation,  dyspeptic  sjrmptoms,  loss  of  weight,  and  rheu- 
matic or  gouty  affections. 

Hydrogen  peroxide  has  been  found  in  the  sweat,  milk,  and  a  few 
other  fluids  of  the  body. 

Hydrogen  Sulphide  is  found  in  the  intestine  as  the  result  of  the 
decomposition  of  bile  and  proteins  by  bacteria. 

Ammonia  is  formed  by  the  retrograde  decomposition  of  protein 
matters,  but  it  soon  combines  with  acidis  to  form  salts. 

Acids. — Free  hydrochloric  acid  is  found  in  the  gastric  juice. 

Lactic  acid  occiu^  in  the  stomach  during  digestion,  and  it  is  pro- 
duced in  the  intestine,  along  with  butyric  acid,  by  the  action  of  special 
ferments.  Sarcolactic  acid  is  found  in  the  juice  of  the  muscles  dur- 
ing and  after  active  contraction.  The  acidity  of  muscle  increases  for 
some  hoiu^  after  death. 

Metallic  Salts. — Dissolved  in  the  fluids  or  combined  with  the 
organic  substances  composing  the  tissues,  are  foimd  certain  metallic 
salts,  which  play  an  important  rdle  in  nutrition.  They  give  to  these 
organic  substances  new  and  special  properties,  such  as  solubility,  dia- 
lyzability;  the  power  of  solidiifying,  as  in  tendons  and  bones,  and  the 
pn^>erty  of  elasticity,  resistance,  etc    lion  and  copper  play  a  specific 
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rdle  in  the  constitution  of  certain  bodies  (nuclein,  protoplasm,  hemo* 
globin,  etc.). 

Sodium  chloride  is  the  most  abundant  of  these  saline  bodies.  We 
absorb  and  eliminate  about  fifteen  grams  a  day.  Its  princq>al  func- 
tion is  to  favor  solution  and  osmosis  of  the  protein  bodies,  and  it  thus 
facilitates  nutrition.  It  also  facilitates  the  carrying  away  of  the  ex- 
crementitious  matter  formed  by  the  activity  of  the  cells.  Common 
salt  is  necessary  to  the  function  of  the  various  glands  of  the  body.  It 
enters  into  the  composition  of  cartilage,  bone,  teeth,  etc.  A  weak  solu- 
tion of  this  salt  mcreases  the  solubility  of  most  of  the  proteins. 
It  increases  the  urinary  secretion  without  increasing  the  elimination 
of  urea.  About  ten  to  fifteen  grams  of  NaCl  are  excreted  daily  by 
the  urine,  besides  that  found  in  the  perspiration,  tears,  and  feces. 

The  molecular  concentration  of  the  inorganic  salts  of  the  blood  is  remarkably 
constant  The  blood-serum  contains  0.58  per  cent,  of  NaCl,  and  the  freezing  point 
of  normal  blood  varies  little  from  — 0.56^  C. 

In  spite  of  the  constant  ingress  of  NaCl  with  food  and  drink  and  the  excretion 
of  salt  in  the  tears,  sweat,  urine,  and  feces,  the  amount  contained  in  the  blood  does 
not  change.  This  means  that  the  osmotic  pressure  of  the  blood  remains  nearly  con- 
stant, which  seems  to  be  necessary  for  the  maintenance  of  the  physiological  function 
of  the  cells  of  the  body.  Any  marked  reduction  of  the  molecular  concentration  of 
the  blood-plasma  is  followed  by  a  swelling  and  disruption  of  the  red  cells  and  ex- 
traction of  their  hemoglobin.  An  increase  in  the  concentration  is  followed  by  a 
shrinking  and  deformity  of  these  cells.  Other  cells  of  the  body  are  similarly  affected 
by  variations  in  the  amount  of  salt  in  the  blood. 

The  blood  contains  other  inorganic  salts,  as  potassiimi  chloride,  sodium  and 
potassium  phosphates,  calcium  phosphates,  etc.  It  also  contains  organic  matters  in 
solution,  which,  however,  do  not  materially  affect  the  osmotic  pressure.  The 
osmotic  pressure  is  chiefly  due  to  the  dissociated  ions,  some  of  which  are  easily 
diffused,  while  others  are  not.  In  some  diseased  conditions  the  intake  and  output 
of  NaCl  are  not  equal.  In  anemias  and  acute  fevers  this  salt  is  retained  in  the 
body.  In  pneumonia  the  retention  of  sodium  chloride  is  very  pronounced.  During 
acute  fevers  the  water  and  NaCI  in  the  urine  are  both  diminished.  The  phosphates 
are  also  diminished  in  the  urine.  If  an  abundance  of  NaCl  is  given  to  fever  patients 
there  is  at  once  an  increase  in  the  elimination  of  phosphates,  indicating  that  the 
phosphates  are  held  back  to  maintain  the  proper  osmotic  pressure  of  tne  blood. 
When  NaCl  is  given  freely  there  is  no  longer  a  necessity  for  the  phosphates,  and 
they  are  eliminated.  In  those  diseases  accompanied  by  an  exudate,  large  quantities 
of  salt  are  carried  with  it.  This  loss  must  be  made  up  by  the  ingestion  of  siaJt  or  the 
retention  of  sufficient  amount  to  preserve  proper  concentration  of  the  blood-plasma. 
Again,  most  exudates  contain  an  abundance  of  globulin,  which  is  soluble  only  in 
weak  saline  solutions.  The  presence  of  salt  is  therefore  necessary  to  promote 
resolution  or  the  absorption  of  these  deposits.  It  has  been  shown  that  NaCl  com- 
bines with  albumose  and  assists  in  its  absorption.  It  is  very  probable  that  globu- 
lins form  a  soluble  compound  with  NaCl.  'Hie  NaCl  may  thus  be  retained  in  acute 
fevers  because  of  a  tendency  to  the  diminution  of  the  molecular  concentration  ol 
the  blood  from  the  retention  of  water  or  the  escape  of  salt  with  certain  exudates, 
and  which  is  needed  to  promote  absorption  during  convalescence. 

Fever  patients  should  receive  a  free  supply  of  salt  in  their  food  or  drink.  As 
above  intimated,  salt  promotes  the  absorption  of  albumose  and  peptone,  and  a 
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deficiency  of  salt  is  attended  by  a  defective  absorption  and  malnutrition.  As 
above  stated,  the  blood  contains  0.58  per  cent  of  NaCl»  along  with  other  sub- 
stances. A  solution  of  salt  in  water  which  contains  the  same  number  of  molecules 
(and  ions)  as  the  blood — t.  e,,  which  is  isotonic  with  blood — ^is  found  by  experiment 
to  be  a  0.9  per  cent,  solution.  We  can  introduce  salt  into  the  blood  by  injecting  it 
subcutaneously,  intravenously,  or  into  the  colon.  In  the  latter  case  the  solution 
should  be  a  hypo-isotonic  solution,  and  best  given  as  hot  as  the  patient  can  stand 
without  injury.  Even  if  the  solution  be  hyperisotonic,  the  intestinal  cells  will  take 
it  up,  lowing  that  the  absorption  is  not  purely  a  phvsical  process.  We  thus  see 
the  great  importance  of  sodium  chloride  to  the  blood,  lymph,  and  other  fluids  of 
the  body. 

Potasdum  chloride  is  met  with  in  the  cells  of  every  soft  tissue, 
in  the  intercellular  fluids,  musde-juice,  and  nervous  tissue.  Sodium 
chloride  is  more  abundant  than  potassium  chloride  in  the  plasma  of 
the  fluids,  while  the  latter  is  more  abundant  in  the  cellular  elements. 
Potassium  chloride  can  not  take  the  place  of  sodium  chloride.  It  seems 
to  have  a  true  stimulant  action  upon  the  activity  of  the  cells.  Plants 
have  need  of  and  contain  more  potassium  than  sodium  salts.  This  is 
probably  because  the  principal  work  of  plants  is  constructive,  whidi 
actk>n  is  stimulated  by  potassium  salts.  Sodium  chloride  rather  favors 
the  disassimilation  of  cell-waste.  Herbivorous  animals  require  some 
NaCl  to  favor  a  good  state  of  health.  They  get  more  potassium  than 
sodium  salts  in  their  food. 

The  calcium  salts  are  furnished  by  both  food  and  drink.  Lime 
gives  solidity  to  the  skeleton  and  resistance  to  the  whole  body.  It  is 
the  principd  solidifying  agent,  and  when  the  tissues  degenerate  it  ac- 
cumulates. In  the  disease  called  rickets  and  in  osteomalacia  it  is  de- 
ficient in  the  bones,  which  are  soft  and  easily  bent.  The  calcium  phos- 
phate in  the  blood  is  held  in  solution  either  in  combination  with  CO, 
or  some  of  the  proteins,  probably  with  both. 

Magnesium  is  found  in  the  tissues  with  lime.  Its  special  r61e  b 
not  well  understood.  It  is  a  constant  ingredient  in  brain-matter, 
muscles,  and  the  chlorophyll  of  plants. 

The  sulphates  are  always  to  be  found  in  the  urine  and  in  other 
fluids.  H,S04  is  constantly  prepared  by  the  disintegrated  and  oxi- 
dized proteins,  most  of  which  contain  sulphur.  About  70  per  cent, 
of  the  sulphur  of  proteins  of  the  food  appears  as  sulphates  in  the  urine. 
The  sulphates  of  lime  and  magnesium  are  abundant  in  cartilage.  We 
excrete  by  the  urine  from  1.5  to  2.5  gm.  per  day  of  sulphiuic  acid  com- 
bined as  sulphates  and  ethereal  sulphates.  They  are  increased  by 
an  animal  and  decreased  by  a  vegetable  diet. 

The  alkaline  carbonates  and  bicarbonates  exist  in  the  lymph, 
chyle,  saliva,  bile,  blood,  etc.  These  salts  of  potassium  exist  in  the 
blood  and  parotid  saliva  of  herbivorous  animals.    It  is  the  bicarbonate 
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of  sodium  that  gives  most  of  the  alkalinity  to  the  blood  and  other  liquids. 
With  camivocous  anhnak  the  alkalinity  is  due  to  the  phoq)hates  and 
cartxmates  combtoed. 

These  salts  are  furnished  by  the  food,  e^^edalty  as  salts  of  the  (h-- 
ganic  adds,  which  by  ozidaticm  are  converted  into  carbonates.  Bodi 
the  absorption  of  oxygen  and  tlie  oxidation  of  (Hganic  matters  are  favQced 
by  an  alkaline  medmrn.  The  bodies  most  easily  oxidized  in  alkaline 
solutions  are  the  sugars,  alcohols,  organic  adds,  and  then  fats;  the 
last  being  first  ss^xmified,  the  ^ycerin  and  fatty  add  bdng  oxidized 
separately. 

Anmumittm  carbonate  is  met  with  in  traces  b  the  bfeod.  Am- 
monia, NH^  is  one  of  the  retrograde  decomposition  i»oducts  of  the 
proteids*  It  ai^>ears  in  the  blood,  stools,  and  breath  at  the  same  time 
m  cholera. 

The  alkaline  i^ioqihates  are  found  in  almost  all  tissues  of  the 
body.  The  pho^hate  of  sodium,  HN^O^,  b  the  one  to  which  the 
alkalinity  of  the  blood  is  largely  due.  The  potassium  salt  predomi- 
nates in  the  blood-cells,  and  &  sodium  salt  in  the  bfeod-plasnuu  The 
blood  of  onmivorous  and  carnivorous  animals  contains  more  phos- 
phates than  that  of  the  herbivorous.  The  pho^hates  are  diminated 
principally  by  the  urine  in  the  form  of  neutral  or  add  pho^hates  of 
sodium,  calciimi,  and  magnesium.  A  little  is  excreted  by  the  feces, 
and  a  small  amount  in  some  other  forms. 

As  we  take  a  large  part  of  our  pho^hates  in  our  food,  as  the  po- 
tassium salt,  it  is  probable  that  the  sodium  salt  is  formed  by  the  reaction 
of  NaCl  upon  K^iPO^  in  the  bkxxi  and  lymph. 

KjHPO^  +  sNaCl  -  Na,HPO^  +  aKCL 

From  this  reaction  there  results  the  Na^HPO^  of  the  plasma  and  KCl 
of  the  corpuscles. 

In  all  actively  growing  parts  of  the  body,  in  red  and  white  blood- 
corpusdes,  in  musdes,  nerve-tissue,  yolks  of  eggs,  the  seeds  and  young 
sprouts  of  plants,  we  usually  find  certain  organic  bodies  rich  in  phos- 
phorus, sudi  as  ledthin,  nudein,  legumin,  etc 

The  earthy  phosphates  are  met  with  in  the  bones,  teeth,  and  in 
less  amount  in  certain  tissues  and  in  the  urine. 

The  carbonate  of  calcium  is  found  to  a  slight  extent  in  bones 
and  in  the  sheUs  of  moUusks.  It  sometimes  occurs  in  solution  as  the 
bicarbonate,  but  often  in  the  insoluble  state. 

This  salt  sometimes  gives  rise  to  concretions  in  the  saliva,  or  upon 
the  teeth,  and  in  the  labyrinth  of  the  ear  (otoliths). 

Silica  occurs  in  small  quantity  in  both  plants  and  animals,  but  its 
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function  has  not  been  dearly  made  out.  It  has  some  well-defined  use, 
and  is  found  very  widely  dbtributed  in  both  animals  and  plants. 

Iron  is  found  as  an  essential  constituent  of  certain  coloring  mat- 
Xers,  as  hemoglobin,  yolk  of  egg,  the  pigments  of  the  skin,  hair,  eyes, 
etc.  The  most  remarkable  compounds  containing  it  are  the  hemoglobin 
of  the  red  blood-corpuscles  and  the  nuclein,  or  the  nuclei  of  the  cells 
throughout  the  body.  One  thousand  parts  of  the  blood  of  man  con- 
tain 0.56  part  of  iron;  of  beef,  0.51 ;  of  the  goat,  0.33  part. 

Most  of  our  food  and  drink  contains  traces  of  iron,  and  our  meats 
contain  enou^  to  satisfy  our  wants.  It  is  eliminated  by  the  bile  and 
feces.  Iron  compounds  seem  to  be  the  principal  carriers  of  oxygen 
in  the  blood.  We  administer  iron  to  increase  the  hemo^obin  and  the 
oxidizing  power  of  the  blood. 

In  vegetables,  it  enters  into  the  composition  of  the  protoplasm  of 
cells,  and  possibly  m  the  chlorophyll,  although  this  is  disputed. 
Iron  seems  to  be  essential  to  the  growth  of  plants  as  well  as  of 
animals. 

Copper  enters  into  the  composition  of  some  plants  and  animab. 
As  it  always  occurs  in  these  organisms,  it  is  safe  to  say  that  it  has  some 
unknown  r61e  to  perform.  In  certain  organisms  it  seems  to  replace 
iron.  Copper  is  found  to  exist  in  many  cereals  and  food-products. 
Lead,  manganese,  silver,  zinc,  and  other  metab  are  frequently  taken 
with  food  or  drink,  and  that  they  exert  some  action  on  the  economy 
is  certain,  although  we  are  ignorant  of  their  exact  functions. 
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A  cell  is  a  nucleated  mass  of  gelatmous  material  called  protoplasm, 
capable  of  reproduction,  or  cytogenesis.  It  is  the  unit  of  all  living, 
functionating  matter  capable  of  reproduction.  Of  the  chemical  struc- 
ture or  composition  of  living  protoplasm  we  know  very  little.  The 
chemist  can  only  study  the  dead  material  separated  by  processes 
which  decompose  and  disintegrate  it  into  its  constituents.  When  thus 
decomposed  we  find  the  most  abundant  constituent  to  be  water. 

The  most  abundant  protein  present  is  nucleo-protein.  There  is 
present,  also,  some  globulin  and  a  trace  of  albimiin.  Among  the  other 
solid  substances  constantly  found  in  the  decomposition  products  of  pro- 
toplasm are  lecithin,  cholesterin,  and  certain  inorganic  salts,  especially 
phosphates  and  chlorides  of  calcium,  sodium,  and  potassium.  Fre- 
quently fat  and  a  carbohydrate,  such  as  glycogen  or  a  sugar,  are  found. 
Living  protoplasm  b  a  transparent,  gelatinous,  cohesive  mass,  heavier 
than  water,  usually  of  alkaline  reaction,  though  occasionally  acid.  Dead 
35 
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protoplasm  is  acid  in  reaction,  due  to  lactic  acid.  It  possesses  a  strong 
reducing  reaction,  due  to  the  presence  of  an  aldehyde  group  in  its  com- 
position. 

It  readily  reduces  alkaline  silver  solutions;  but  dead  protoplasm 
does  not  do  so. 

The  reduciog  action  of  living  protoplasm  can  be  shown  by  injecting  into  the 
circulation  of  an  animal  coloring  matters,  such  as  indieo  or  alizarin  blue,  which  are 
decolorized  by  reducing  agents.  By  this  means  it  is  found  that  certain  organs  are 
stained  blue,  while  others  are  not  stained. 

Some  of  the  cells,  by  this  method,  seem  to  possess  an  nTiHig^ing  action,  but  the 
most  of  the  active  functionating  cells  are  reducing  agents.  While  living  protoplasm 
will  not  stain,  by  many  of  the  usual  stains,  without  suspension  of  th«r  functions, 
there  are  a  few  anilin  stains  which  are  non-toxic  enough  that  they  may  be  absorbed 
by  living  cells.  In  such  cases  it  is  not  the  protoplasm  which  stains,  but  certain 
granules  which  it  contains  and  which  take  the  stain.  Dead  protoplasm  easily 
stains  with  basic  stains. 

In  structure,  the  cell  is  made  up  of  transparent,  or  hyaline,  proto- 
plasm; a  fibrillar  network,  or  stroma,  which  makes  up  the  solid  sub- 
stance of  the  cell,  and  which  is  contmuous  with  the  nucleus;  and  usually 
a  cell-membrane,  or  cell  wall,  of  formed  material  sometimes  called 
hyaloplasm.  The  fibrillar  network  is  different  in  composition  from  the 
transparent  intrafibriUar  protoplasm,  m  that  it  is  composed  of  nucleo-. 
proteins  and  nucleo-gluco-proteins  of  somewhat  variable  composi- 
tion, acid  in  reaction,  and  containing  more  phosphorus  than  the  alkaline 
protoplasm.  The  nucleus  and  this  stroma  have  apparently  the  same 
chemical  composition,     (See  Nuclein,  page  496.) 

As  above  stated,  the  most  abundant  of  the  proteins  to  be  found 
among  the  primary  decomposition  products  of  protoplasm  is  nucleo- 
protein,  the  amount  varying  in  different  cells  from  i  to  1.7  per  cent. 
This  substance  has  received  the  names,  by  various  authors,  of  cell- 
fibrinogen,  cytoglobiny  preglobulin,  nucleo-histon,  and  hyalin. 
This  substance  contains  less  phosphorus  than  the  nucleo-protein  of 
the  nucleus  and  fibrillar  network. 

Cell-globulin  (cytoglobulin),  coagulating  at  47**  to  50°  C,  is  a  con- 
stant constituent  of  cells.  There  is  present,  also,  a  small  quantity  of 
albumin.  It  is  not  known  whether  these  proteins  are  food  products 
of  the  protoplasm,  or  nucleus,  or  whether  they  are  decomposition 
products. 

Albumoses  and  peptones  have  been  found  in  certain  cells  by  some 
authors,  but  it  is  probable  that  they  are  either  the  result  of  postmor- 
tem changes,  or  are  decomposition  products  due  to  the  manipulations 
employed  in  separating  the  other  proteins.  Pus-cells  seem  to  con- 
tain albumoses  and  peptones  which  are  the  result  of  retrograde  changes. 
Myosin  is  absent.    Glycogen  can  often  be  detected  in  pus-cells  by 
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the  iocline  reaction.  Pigments  (pyocyanin,  pyoxanthose)  may  fre- 
quently occur  in  pus  as  the  result  of  the  growtii  of  chromogenic  bac* 
teria.  Hemoglobin  is  found  in  the  red  blood-cells,  and  chlorophyll 
in  the  green  cells  of  plants. 

Cell-membrane. — Some  cells,  as  the  epithelial  cells,  are  inclosed 
in  a  thick,  distinct  membrane  of  whose  composition  we  know  very  little. 
The  cell-wall  of  plants  is  usually  composed  of  an  insoluble  carbohy- 
drate— cellulose. 

In  other  cases  no  distinct  cell- wall  can  be  made  out,  but  in  all  cases 
there  is  a  somewhat  differentiated  layer  of  protoplasm  at  the  periphery, 
which  serves  the  purpose  of  a  limiting  membrane. 

This  membrane  is  usually  a  semipermeable  membrane.  The 
membrane  substance  dissolves  m  strong  acids  and  alkalies  and  in 
gastric  juice,  unless  it  be  very  thick  or  composed  of  keratin  or  cellulose. 

Cell-metabolism.— Of  the  chemical  changes  that  take  place  in 
living  ceUs  we  know  little.  That  they  take  in  nourishment  and  ex- 
crete waste  products  we  know,  but  how  this  is  done  is  in  doubt. 
The  active  part  of  the  cell  is  the  nucleus.  Gautier  divides  the  cell- 
protoplasm  into  two  zones:  the  inner  one,  in  which  the  processes  are 
entirely  a  reducing  action,  or  hydrolysis;  and  the  outer  zone,  in  which 
the  action  is  oxidizing. 

Cell-nutriment  is,  like  that  of  more  complicated  organisms,  solid, 
liquid,  and  gaseous;  inorganic  and  organic,  the  last  being  composed 
chiefly  of  carbohydrates,  fats,  and  proteins. 

Certain  cells  with  very  thin,  elastic  walls  inclose  solid  bodies  in  an 
improvised  stomach  made  by  this  process.  Leukocytes,  rhizopods, 
and  ameba  digest  solid  particles  in  this  way.  Liquid  nutriment  b 
usually  obtained  by  absorption  through  the  cell-membrane,  either  by 
osmosis  alone  or  assisted  by  the  expansion  of  vacuoles  in  the  proto- 
plasm. 

Each  cell  has  an  elective  power  for  certain  substances  found  in  the 
liquid  siuTounding  them,  which  is  largely  determined  by  the  per- 
meability of  the  cell-membrane  for  those  substances.  The  absorption 
and  excretion  of  substances  through  the  cell-wall  is  also  largely  governed 
by  the  laws  of  osmotic  pressure  and  diffusion. 

Both  in  the  unicellular  organism  and  the  more  complicated  multi- 
cellular organism,  the  digestion  or  the  preparation  of  foodstuffs  for  as- 
similation is  brought  about  by  the  agency  of  soluble  enzymes  prepared 
by  the  protoplasm  of  the  cell  itself. 

Some  of  these  prepared  substances  are  immediately  used  by  the  cell 
or  tissues,  while  others  may  remain  in  solution  or  be  deposited  as  reserve 
material,  as  glycogen,  cell-granules,  fat,  etc.,  of  animal  cells,  and  chloro- 
phyll, aleurone  granules,  starch,  ediereal  oUs,  fat,  etc.,  of  plants. 
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The  granules  of  animal  cells  are  thought  by  some  to  be  stored  food, 
by  others  the  active  or  functionating  part  of  the  cell,  and  by  still  others 
the  zymogen  of  the  digestive  enzymes.  It  is  difficult  to  determine  which 
of  the  substances  found  in  cell-protoplasm  are  primary  products,  or 
food  products,  and  which  are  waste  products  of  cell-action. 

Oxygen  and  water  are  necessary  for  the  normal  activity  of  cells.  The 
chemical  changes  which  take  place  in  the  cell  are  either  a  process  of 
hydrolysk  or  oxidation  or  both. 

The  assimilative  or  anabolic  processes  are  mostly  reduction  proc- 
esses, or  hydrolysis,  and  the  katabolic  process  is  at  first  a  hydrolysis 
followed  by  oxidation. 


ENZYMES  AND  FERMENTS. 
Fermentation  is  a  function  of  livmg  protoplasm  or  of  a  substance 
prepared  by  it.  It  consists  of  a  decomposition  of  a  complex  organic 
substance  into  substances  of  simpler  composition  by  protoplasm  or  an 
enzyme  prepared  by  it.  It  follows  that  those  fermentative  processes 
in  which  the  protoplasm  is  the  agent,  are  intracellular.  Such  changes 
probably  occur  in  many  bacterial  cells  and  in  the  alcoholic  fermentation 
of  ripe  fruits.  In  by  far  the  greater  number  of  instances  fermentative 
changes,  even  intracellular  changes,  are  brought  about  by  enzymes  rather 
than  by  the  protoplasm  itself.  The  enzymes  are  a  group  of  colloid  sub- 
stances, prepared  by  the  protoplasm  of  living  cells,  which  are  soluble  in 
water  or  weak  saline  solutions,  and  possess  the  property  of  producing 
chemical  changes  in  other  organic  substances  with  which  th^  come  in 
contact. 

Nature  of  the  Enzymes.^The  pure  en23rmes  have  not  yet  been  isolated. 
The  purest  enzymes  that  have  been  prepared  do  not  give  the  protein  reactions. 
They  seem  to  be  colloid  bodies  of  unknown  constitution.  The  enzymes  are  gen- 
erally very  easfly  affected  by  their  environment  Their  activity  is  greatly  influenced 
by  temperature,  reaction  of  the  fluid  containing  them,  and  by  the  presence  of  the 
substances  which  they  form.  The  activity  of  enzymes  is  not  manifested  at  very  low 
temperatures.  It  increases  with  an  increase  of  temperature  until  a  maximum  activity 
is  reached,  called  its  optimum  temperature,  which  varies  somewhat  with  each 
enzyme  between  30^  C.  and  50*^  C,  after  which  it  decreases  and  is  entirely  lost  at 
75*>  to  ioo*>  C. 

Some  of  them  act  best  in  an  acid  medium,  others  act  only  in  an  alkaline  medium, 
while  others  act  equally  well  in  both  feehiy  acid  and  feebly  alkaline  solutions. 

In  all  cases  the  activity  is  lessened  and  flnajtv  arrested  by  the  accumulation 
in  the  solution  of  the  products  of  their  action.  The  exact  explanation  of  how  the 
enzvmes,  or  protoplasm,  produce  fermentative  changes  is  unknown.  The  most 
probable  hypothesis  is  that  the  enzyme  enters  into  combination  with  the  substance 
acted  upon,  with  the  absorption  or  elimination  of  water  or  the  absorption  of  oxygen. 
This  compound  then  reacts  with  another  molecule  of  the  original  substance,  l^ 
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which  the  enzyme  is  again  set  free.  They  may  act  simply  as  catalyters  to  accelerate 
the  velocity  of  the  reaction.  It  is  well  known  that  most  of  the  reactions  which 
are  attributed  to  the  enzymes  will  proceed  very  slowly  without  them,  as,  for 
example,  the  cleavage  of  proteins  and  boiled  starch. 

ClaBsification. — The  enzymes  are  most  conveniently  classified  ac- 
cording  to  the  materiab  upon  which  they  act.  As  we  have  no  method  of 
preparing  the  pure  enzymes,  we  can  only  study  them  by  what  they  do. 
Formerly  the  ferments  were  divided  into  organized  and  unorganized  or 
soluble  ferments,  or  enzymes.  This  distinction  can  not  now  be 
clearly  defined,  as  Uie  process  of  fermentation  is  in  all  cases  the  result  of 
protoplasmic  activity.  The  number  of  enzymes  known  is  daily  increas- 
ing with  our  knowledge  of  cell-metaboUsm.  Only  the  most  important 
of  them  can  be  mentioned  here.  The  following  are  the  principal 
groups  of  enz3anes: 

1.  Those  which  transform  insoluble  carbohydrates  into  sugars,  as 
diastase,  which  acts  upon  starch;  inulase,  upon  inulm;  and  cjrtase, 
which  hydrolyzes  cellulose. 

2.  Those  which  decompose  the  disaccharids  into  monosaccharids,  as 
invertase,  which  converts  cane-sugar  into  dextrose  and  levulose;  glu- 
case,  which  splits  maltose  into  dextrose. 

3.  Those  which  split  up  glucosides  into  a  sugar  and  various  other 
bodies,  as  emulsin,  myrosin,  etc. 

4.  Those  which  hydrolyze  proteins,  as  pepsin,  trypsin,  bromelin, 
and  papain. 

5.  The  clotting  enzymes,  as  rennin  or  ch]rmosin,  which  curdles 
milk;  thrombase,  which  coagulates  blood;  and  pectase,  which  forms 
vegetable  jellies. 

6.  Those  which  saponify  fats,  called  lipase. 

7.  The  oxidases  or  those  which  assist  in  the  oxidation  of  various 
substances,  as  laccase,  which  causes  the  production  of  lacquer  varnish 
from  the  juice  of  the  lac  tree  of  southeast  Asia;  and  tyrosinase,  etc. 

Besides  these  groups  there  are  individuals  which  have  a  special  action 
not  included  in  the  above,  as  urease,  which  converts  urea  into  ammonium 
carbonate. 

In  many  cases  the  enzymes  do  not  exist  in  the  free  or  active  condition 
in  the  cells,  but  in  the  form  of  an  inactive  antecedent,  to  which  the  name 
of  zymogen  is  applied.  It  is  frequently  necessary,  therefore,  to  treat 
the  tissue  with  some  reagent  that  shall  convert  the  zymogen  into  an  active 
enz3rme,  in  order  to  obtain  an  active  extract.  The  solutions  of  the  en- 
zymes readily  undergo  fermentation  and  putrefaction,  and  lose  their 
activity.  It  is  essential,  then,  to  insure  the  preservation  of  their  activity 
in  solutions,  that  some  antiseptic  be  employed.  The  most  suitable  anti- 
septics for  this  purpose  are  chloroform  (i  :  200),  thymol  (5  per  cent.), 
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salicylic  acid  (i  per  cent),  and  akohol  (15  to  25  per  cent).  In  ofder  to 
distinguish  between  the  soluble  enzymes  and  an  organized  ferment,  it  is 
best  to  carry  on  the  digestion  in  the  presence  of  chloroform,  whidi  is 
inert  toward  an  enzyme,  but  inhibits  the  growth  and  activity  of  organized 
ferments.  Sodiimi  fluoride  (i  per  cent.)  entirely  checks  the  growth  of 
the  organisms,  but  is  without  action  on  the  soluble  ferments. 

Diastase  is  an  en^me  secreted  by  the  embryo  of  plant  seeds  at 
the  time  of  sprouting.  Malted  barley  contains  at  least  three  distinct 
enzymes.  One  of  these  acts  upon  cdlulose,  one  upon  starch,  and 
one  upon  proteins.  This  first,  or  cellulose  ferment,  is  sensitive  to  ele- 
vated temperatures,  and  to  obtain  it  in  an  active  state  it  is  best  to  exhaust 
it  from  malt  that  has  not  been  heated  to  a  temperature  above  35^  to  40^0. 
(95®  to  104**  F.).  At  temperatures  above  no**  F.  it  begins  to  lose  its  ac- 
tivity, and  at  130^  to  140^  F.  it  is  rapidly  killed.  Starch  diastase  is  more 
xesistant  to  heat,  but  begins  to  lose  its  activity  at  and  above  125^  F.  In 
the  sprouting  grain  the  cellulose-dissolving  ferment  is  of  service  in  dis- 
solving the  envelope  of  the  starch  grains.  The  chief  object  of  diastase 
is  the  conversion  of  starch  into  dextrin  and  maltose. 

Saliva  and  pancreatic  diastase,  if  not  identical  with  vegetable  diastase,  act 
in  exactly  the  same  way  for  a  time;  but  the  prolonged  contact  of  these  ferments 
changes  the  maltose,  first  formed,  to  glucose,  while  malt  diastase  does  not.  They  all 
act  upon  cooked  starch  with  great  rapidity,  but  have  a  very  slow  action  upon  raw 
starch.  The  process  is  one  of  hydrol3rsis,  and  the  action  is  similar  to  that  which  takes 
place  when  dilute  sulphuric  add  is  boiled  with  starch  or  cellulose.  When  water  is 
added  to  H^O^,  it  probably  forms  H,OeS  (H^SO^  .  aH,0),  or  orthosulphuiic  add. 
This  add,  when  boiled,  tends  to  part  with  a  portion  of  its  water,  and  if  starch  or  other 
easily  hydrated  compound  be  present  it  imparts  this  water  to  that  body,  in  the 
nascent  state,  so  to  speak.  Diastase  acts  upon  the  starch  at  ordinary  temperatures 
in  the  same  way  that  I^Oe  does  at  a  higher  temperature.  The  first  eflFect  is  thor- 
oughly to  liquefy  the  starch,  then  convert  it  into  dextrin,  and  finalhr  the  dextrin  into 
maltose.  The  most  probable  explanation  of  how  the  change  is  effected  is  that  the 
enzyme  combines  with  the  starch  to  form  a  compound  which  reacts  with  water  and 
splits  up  into  two  simpler  compounds — the  one  a  hydrate  of  the  starch  and  the  other 
tne  original  enzyme  itself. 

The  diastase  of  the  pancreatic  juice,  also  called  amylopdn,  is  similar  in  its 
action  to  the  4ififftflfff>  of  the  saliva  and  to  malt-diastase,  already  described. 
Like  these,  it  converts  starch  into  maltose,  but  it  acts  better  in  the  presence  of  bite 
than  when  alone. 

Extracts  of  malt,  as  met  with  in  the  market,  are  infusions  of 
malted  barley,  containing  dextrin,  malt-sugar,  and  dextrose.  The 
bitter,  non-saccharine  "malt  extracts"  of  the  market,  as  a  rule,  contain 
little  or  no  diastase,  and  are  simply  weak  beers  or  infusions  of  malt 
containing  the  bitter  principles  of  hops. 

A  solid  extract  is  produced  by  evaporating  an  infusion  of  malt, 
generally  in  a  vacuum-pan,  at  a  comparatively  low  temperature,  43^  C. 
(no**  F.).    It  should  have  a  light  color;  the  taste  should  be  peculiariy 
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sweet  and  the  odor  pleasant  The  solution  in  nine  parts  of  water  should 
be  only  slightly  turbid,  and  should  give  an  abundant  precipitate  a  few 
minutes  after  being  mixed  with  an  equal  volume  of  picric  acid.  The 
insoluble  matter  should  appear  under  the  microscope  as  amorphous 
coagula  and  hexagonal  prisms. 

The  amount  of  starch  that  a  given  weight  of  diastase  can  transform 
is  variously  stated  at  from  3000  to  100,000  times  its  own  weight,  which, 
however,  seems  to  be  a  fixed  quantity  with  any  given  specimen  of  diastase. 
The  rapidity  of  its  action  seems  to  depend  upon  the  relative  proportions 
of  starch  and  ferment  present.  When  the  ferment  is  present  in  large 
quantity,  the  action  is  very  rapid,  almost  instantaneous;  while  if  it  is 
small  in  proportion  to  the  starch,  it  is  slower  in  action.  Diastase  does 
not  exist  in  the  saliva  and  pancreatic  juice  of  very  young  infants  in 
sufficient  quantity  to  digest  much  starch.  The  digestive  power  varies 
greatly  in  different  infants. 

Inulase. — Besides  starch  and  gl;^cogen,  plants  store  up  a  reserve  material  in 
the  form  of  inulin.  It  usually  occurs  in  the  sap  of  cells,  and  may  be  precipitated  by 
alcohol.  It  resembles  stardi  in  com])osition  and  must  be  changed  into  sugar 
(fructose)  before  the  plant  can  use  it.  This  is  accomplished  by  an  enzyme  called 
inulase,  which  is  secreted  during  germination. 

Cytkae  is  an  enzyme  which  dissolves  the  cell-wall  of  certain  seeds,  to  prepare 
food  for  the  young  embryo. 

Sugar-splitting  Enzymes.— Invertase  is  a  ferment  existing  in  the  intestinal 
juice,  which  has  the  power  of  inverting  cane-sugar — >.  e.,  it  converts  it  into  dextrose 
and  levulose.  Of  its  composition  and  other  properties  little  is  known.  Invertase. 
or  a  substance  possessing  the  same  property,  as  well  as  a  diastasic  ferment,  is  found 
in  the  liquid  portion  of  bakers'  or  brewers'  yeast,  after  the  cells  have  been  killed  by 
alcohol.  While  alive,  the  cells  do  not  impart  the  invertin  to  the  solution.  In- 
vertin  does  not  affect  lactose,  maltose,  starch,  or  gums. 

Lactase  is  an  enzyme  that  has  been  extracted  from  the  intestinal  mucous 
membrane  of  young  animals,  and  which  has  the  property  of  splitting  lactose  into 
dextrose  and  galactose. 

Maltase,  or  glucase,  is  an  enzyme  which  splits  maltose  into  glucose.  It  has 
been  found  in  the  intestinal  mucous  membrane,  in  the  pancreas,  liver,  and  several 
other  glands.    It  also  occurs  in  yeast  and  certain  mold  mngi. 

Glucoside-splitting  Enzymea.— Emulsuiy  or  synaptase,  occurs 
in  sweet  and  bitter  almonds.  It  may  be  extracted  by  digesting  the  al- 
monds, freed  from  fat  by  pressure,  for  several  hours,  with  water.  The 
filtered  liquid  is  acidified  with  acetic  acid,  to  precipitate  conglutin,  and 
the  emulsin  is  then  thrown  down  with  alcohol,  filtered  off,  washed  with 
alcohol,  and  dried.  It  is  a  white,  friable  mass,  soluble  in  water,  and 
capable  of  converting  large  quantities  of  amygdalin  into  sugar,  prussic 
acid,  and  benzoic  aldehyde;  it  also  converts  salicin  into  sugar  and  sali- 
genin.  Its  aqueous  solution  readily  decomposes,  yielding  lactic  acid. 
A  similar  ferment  has  recently  been  found  in  certain  parasitic  plants. 
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by  which  they  are  able  to  decompose  glucosides  found  m  the  bark  upon 
which  they  grow. 

Myrosin  is  the  ferment  of  mustard,  acting  upon  the  glucoside 
sinimn. 

Proteolytic  Enzymes.— Pepsin  (Br.),  pepsinum  (U.  S.  P.),  con- 
tained in  gastric  juice,  is  secreted  by  the  glands  of  the  stomach.  It  may 
be  separated  from  the  other  constituents  of  filtered  gastric;  juice  by 
dialysis,  as  it  does  not  diffuse  through  membranes.  It  is  readily  pre- 
pared by  digesting  the  mucous  membrane  of  the  pyloric  end  of  the 
stomach  of  the  pig,  first  with  strong  alcohol,  and  after  twenty-four  hours 
expelling  the  alcohol  by  pressure,  and  digesting  for  some  days  with 
glycerin,  slightly  acidified  with  hydrochloric  acid.  It  b  filtered  through 
muslin,  then  through  paper,  the  pepsin  precipitated  with  absolute 
alcohol,  collected  on  a  filter  and  dried.    Other  methods  are  in  use. 

Pepsin  is  a  yellowish-  or  grayish- white  powder,  soluble  in  water  and 
glycerin,  but  insoluble  in  alcohol.  It  gives  few  of  the  albumin  reactions, 
and  is  precipitated  by  the  acetates  of  lead.  When  dry,  it  may  be  heated  to 
no®  C.  (230**  F.)  without  losing  its  activity,  but  its  solutions  lose  it  at  a 
much  lower  temperature.  Its  activity  is  greatest  at  about  40®  C.  (104**  F.), 
and  requires  hydrochloric,  phosphoric,  lactic,  or  other  diluted  acid  to  de- 
velop its  peculiar  action.  The  presence  of  o.i  per  cent,  of  NaCl  favors 
its  action,  but  more  than  0.5  per  cent,  hinders  it.  Admixture  of  bile,  car- 
bolic acid,  or  an  excess  of  alcohol  retard  or  entirely  prevent  its  action. 
Nearly  all  metallic  salts  diminish  the  action  of  pepsin.  Calomel  is  an 
exception  to  this  rule,  as  are  also  arsenous  and  arsenic  acids.  Many  of 
the  alkaloidal  salts  have  a  retarding  effect,  but  the  chlorides  have  less 
than  the  sulphates.  Sugar  has  a  retarding  action.  Sodium  salicylate, 
antipyrin,  antifebrin,  paraldehyde,  and  thallin,  in  small  doses,  stimulate 
the  action  of  pepsin.  Sodium  carbonate  quickly  destroys  it.  The  acid 
of  gastric  juice  is  mostly  hydrochloric  during  the  intervals  of  digestion, 
but  during  digestion  several  organic  acids  are  set  free  by  the  hydrochloric 
acid  from  the  acetates,  malates,  tartrates,  etc.,  taken  with  the  food,  so 
that  the  real  work  of  the  digestion  is  accomplished  with  the  aid  of  various 
organic  acids  instead  of  hydrochloric  alone.  The  specific  action  of 
pepsin  is  the  change  of  proteins,  whether  coagulated  or  not,  into  al- 
bumoses  and  peptones.    Peptone  is  scarcely  altered  by  putrefaction. 

The  proteolytic  activity  of  pepsin  varies  greatly  according  to  the 
process  of  manufacture,  and  the  care  exercised. 

The  U.  S.  P.  requires  that  the  official  pepsin  shall  digest  3000  times 
its  own  weight  of  freshly  coagulated  and  disintegrated  egg-albumin  in  six 
hours,  when  tested  by  the  official  method. 

Trypsin  occurs  in  the  pancreatic  juice,  and  may  be  extracted  from 
the  pancreas  along  with  the  other  enzymes,  by  a  process'  similar  to  that 
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described  above  for  pepsin,  except  that  no  acid  b  used.  Thus  prepared, 
pancreatine  pancreatinum  (U.  S.  P.),  is  a  yellowish-white,  amorphous 
powder,  soluble  in  water  and  glycerol,  but  precipitated  by  alcohol.  It 
possesses  the  property  of  acting  upon  the  proteids  in  a  way  somewhat 
similar  to  pepsin,  but  is  active  only  in  alkaline  solutions.  It  is  claimed 
by  some  recent  writers  that  trypsinogen  is  changed  into  trypsin  by  a 
special  ferment  known  as  enterokinase. 

Most  of  the  peptone  at  first  formed  by  the  pancreatic  juice  is  after- 
ward converted  into  tyrosin,  leucin,  aspartic  and  other  amlno-acids. 
The  digestion  of  the  proteins  is  thus  begun  in  the  stomach,  in  an  acid 
medium'  and  finished  in  the  small  intestine,  in  an  alkaline  medium. 
There  is  this  difference  in  the  two  processes:  that  while  acid-pepsin 
readily  liquefies  the  iMX>tein  bodies,  it  does  not  completely  convert  them 
into  peptones;  this  completion  of  the  process  is  ipore  quickly  and  com- 
pletely done  by  the  trypsin.    (See  under  Albunooses.) 

Erepdn  is  an  enzyme  said  to  exist  in  the  epithelial  cells  of  the  villi  of  the  in- 
testine, which  changes  the  peptones  into  amino-acids. 

Secretin  is  a  substance  found  in  the  duodenum  and  generated  from  a  pro- 
•ecretin  b^  hydrochloric  and  other  acids,  and  which  stimulates  the  secretion 
of  pancreatic  fluid. 

Papain  is  a  ferment  prepared  from  the  milky  juice  of  the  papaw 
tree.  It  b  a  white,  amorphous,  granular  powder.  It  is  soluble  in 
water  and  glycerol.  This  ferment  peptonizes  proteins  very  rapidly, 
the  end  product  being  leucin,  and  also  coagulates  milk.  It  acts  like  tryp- 
sin. It  has  been  used  to  digest  the  membrane  of  croup  and  diphthe- 
ria. Hydrochloric  acid  lessens  its  action,  as  does  carbolic  acid,  but 
they  do  not  arrest  it.  It  can  act  in  an  alkaline,  neutral,  or  feebly  acid 
solution.  Under  the  name  of  papoid  and  caroid  it  is  found  in  the 
market  as  an  active  digestive  agent.  It  resembles  in  its  action  the 
trypsin  of  pancreatic  fluid. 

Bromelin  b  the  name  given  to  the  proteol3rtic  ferment  of  pineapple 
juice. 

It  appears  to  be  associated  with  a  peculiar,  proteose-like  substance. 
It  acts  upon  fibrin,  albumin,  and  myosin  to  produce  proteoses.  It 
does  not  seem  to  produce  peptone. 

Similar  proteolytic  ferments  have  been  found  in  the  juice  of  the  fig- 
tree,  in  the  fruit  of  Cucumis  uiilissimus,  a  plant  found  in  India,  and  in 
certain  seedlings,  as  barley,  poppy,  maize,  wheat,  rye,  etc. 

The  Clotting  Enzyme8.—Renn]n  (lab,  chymosin,  pressiure, 
rennet),  or  milk-curdling  ferment,  is  found  in  the  extract  of  the  pancreas. 
It  is  not  so  abundant  in  this  gland,  however,  as  in  aqueous  and  glycerol 
extracts  of  the  mucous  membrane  of  the  stomach.  This  ferment  is 
found  also  in  certain  vegetable  organisms  and  bacteria. 
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Nothing  is  known  of  the  chemical  nature  of  rennin.  Under  the  name 
of  rennet  it  has  been  employed  for  centuries  to  coagulate  the  casein 
of  milk  in  the  manufacture  of  cheese.  For  this  purpose  it  is  usually 
prepared  from  the  stomach  of  the  calf,  where  it  exists,  in  the  form  of 
rennin  zymogen,  which  is  converted  by  standing  or  by  weak  acids  into 
rennin.  It  occurs  in  the  stomachs  of  both  children  and  adults.  It  has 
been  found  in  small  quantities  in  normal  urine. 

The  optimum  temperature  of  rennin  is  about  40^  C,  but  it  is  des- 
troyed at  about  55**  C.  It  requires  calcium  salts  for  the  clotting  of  milk. 
The  best  effect  is  produced  with  the  phosphate.  A  vegetable  rennet 
occurs  in  the  papaw  and  in  the  pineapple. 

Fibrin-ferment  (Thrombasc).— The  coagulation  of  paraglobulin 
in  the  formation  of  blood-clot  is  now  believed  to  be  caused  by  a  special 
ferment. 

It  may  be  prepared  by  mixing  blood-serum  with  ten  to  fifteen  volumes 
of  strong  alcohol,  allowing  it  to  stand  fourteen  days,  and  filtering.  The 
precipitate  contains  coagulated  proteids  with  the  ferment  adhering  to 
them.  The  ferment  may  be  dissolved  out  by  water.  The  blood  in 
circulation  does  not  contain  the  ferment,  but  it  b  formed  by  some  change 
after  the  blood  is  drawn  from  the  vessels;  probably  by  the  disintegration 
of  the  white  corpuscles  and  the  third  corpuscles,  or  bk)od-plates.  It 
seems  to  be  a  globulin-like  body.  There  are  other  globulins  which  have 
a  similar  action  in  the  formation  of  fibrin  to  that  of  this  ferment.  The 
myosin  of  muscle-juice  is  especially  to  be  mentioned  as  one  of  them. 
This  is  sometimes  described  as  muscle-enzyme. 

Pectase  is  an  enzyme  contained  in  the  cells  of  many  ^its,  and 
which  acts  upon  pectin,  a  body  associated  with  cellidose  in  the  com- 
position of  the  cell-walls  of  these  fruits,  and  converts  it  into  a  gelatinous 
substance,  or  jelly. 

Fat-splitting  Ferments.— Lipase  (pialin,  steapsin)  is  an  enzyme 
which  is  found  in  the  pancreas,  which  haus  the  power  of  saponifying  the 
fats  in  the  presence  of  an  alkali  or  splitting  them  into  glycerol  and  fatty 
acids.  This  ferment  also  occurs  in  the  blood-serum  and  the  liver  of 
certain  invertebrates.  The  action  of  pancreatic  and  stomach  lipase  is 
increased  by  the  presence  of  bile.  Free  hydrochloric  acid  retards  its 
action.  Its  optimum  temperature  fa  about  55®  C,  and  it  fa  arrested  at 
72®  C.  Some  seeds  contain  lipase;  also  some  fruits  of  which  oil  is  a  con- 
stituent. It  fa  here  provided  for  the  purpose  of  rendering  the  fat  assim- 
ilable, as  fa  that  of  the  pancreas  in  the  animal.  Lipase  has  also  been 
found  in  the  liver,  kidney,  certain  moulds  (penicillium  and  aspergiUus), 
and  in  the  cholera  bacillus. 

Oxidases. — The  enzymes  above  mentioned  all  act  by  causing  the  absorption 
of  water  or  by  producing  a  hydrolysis  of  the  substance  acted  upon.    There  are, 
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however,  a  few  examples  of  enzymes  which  transfer  oxygen  to  the  substance  acted 
upon.  An  oxidizing  enzyme  can  be  extracted  from  the  gastric  mucous  membrane 
which  has  the  property  of  changing  lactose  into  lactic  acid.  This  power  of  destroy- 
ing the  sugars  is  possessed  by  the  blood-serum,  the  pancreas,  liver,  and  probably 
other  tissues.  This  property,  called  glycolysit,  is  due  to  enzymes  of  the  oxidase 
group.    Oxidases  are  secreted  by  several  of  the  ductless  glancfs. 

The  oxidases  are  quite  numerous  in  both  plant  and  animal  cells.  The  oxida- 
tions of  the  body  are  probably  all  carried  out  by  these  enzymes.  They  act  as 
oxygen-carriers,  and  may  either  fix  it  upon  the  substances  to  be  oxidized,  or,  as 
some  suppose,  they  react  with  water  to  form  hydrogen  peroxide,  which  latter 
substance  gives  up  its  extra  oxygen  to  the  oxidizable  substances.  Another  hy- 
pothesis is  that  they  act  as  catalysers.  In  most  cases  the  substance  to  be  oxidized 
must  first  be  prepared  by  the  protoplasm  or  some  hydrolyzing  ferment 

Hi8toz3rm  is  a  soluble  ferment,  supposed  to  exist  in  the  blood,  liver,  and 
kidne3rs,  and  which  has  the  power  of  causmg  a  variety  of  reactions  within  the  body, 
sudi  as  the  conversion  of  benzoic  into  hippuric  add,  etc. 

Xntracelhilar  Enzymes. — ^These  are  enzymes  which  are  prepared 
in  the  bodies  of  bacteria,  moulds,  or  imicellular  plants,  and  which  pro- 
duce fermentative  changes  during  the  life  and  growth  of  these  organisms. 
These  organisms  vegetate  most  readily  at  temperatures  of  ^m  20^ 
C.  (68**  F.)  to  about  40®  C.  (104^  F.).  Temperatures  above  or  below 
these  limits  retard  their  growth,  while  a  temperature  near  the  boiling 
point  entirely  destroys  their  activity.  A  very  minute  quantity  of  any 
of  these  organisms  can  grow  and  exert  its  peculiar  action  as  long  as 
its  peculiar  nourishment  lasts  and  proper  coiKlitions  of  its  life  are  main- 
tained. They  are  all  killed  by  hydrogen  peroxide,  and  the  chemical 
change  is  stopped  by  it.  The  antiseptic  agents  are,  as  a  rule,  anti- 
fermentatiyeSy  and  check  the  growth  of  and  in  many  cases  kill  the 
organized  ferments.  (See  p.  152.)  The  changes  produced  by  extra- 
cellular enzymes  may  be  distinguished  from  those  produced  by 
intracellular  enzymes  by  the  addition  of  chloroform,  sodiimi  fluoride, 
toluene  or  thymol,  which  check  the  growth  of  the  organisms,  while  the 
action  of  enzymes  is  not  interfered  with.  "^ 

The  most  important  of  the  ferments  of  this  class  are  yeast,  or  alco- 
holic ferment;  acetic,  lactic,  butyric,  and  citric  acid  ferments;  nitrifying 
and  putrefactive  ferments.  •  With  the  exception  of  the  first  of  these 
organisms  they  all  belong  to  the  bacteria  family. 

Yeast  (torulay  saccbEU-omycetes)  includes  a  group  of  a  number  of 
one-celled,  globular  or  oval-shaped,  microscopic  plants,  multiplying  by 
budding.  There  are  several  varieties  of  this  fungus.  The  principal 
action  caused  by  yeast  in  saccharine  fluids  is,  first,  to  convert  the  saccha- 
rose into  invert-sugar,  and  then  change  this  into  alcohol,  carbon  dioxide, 
and  a  trace  of  succinic  acid  and  glycerin.  The  spores  of  yeast  are  always 
to  be  found  either  in  the  air  or  upon  the  surface  of  fruit,  whence  they  find 
their  way  into  the  solutions  made  from  their  juices,  which  explains  the 


540  MEDICAL  CHEMISTRY. 

apparent  spontaneous  fermentation.  Invertase  accompanies  the  growth 
of  yeast.  It  has  the  power  of  inverting  cane-sugar.  (See  p.  332.) 
The  yeast-cell  acts  upon  the  sugar  by  means  of  a  soluble  enzyme 
elaborated  by  its  protoplasm,  called  zymase.  Not  only  this,  but  dias- 
tase, glucase,  inyertasey  and  trypsin  have  been  found  in  yeast. 
Zymase  has  been  prepared  from  ripe  cherries  and  other  fruits,  from  peas, 
barley,  etc. 

In  fruits  alcohol  is  thus  formed  without  the  access  of  the  air  or  yeast. 
The  seo-etion  of  zymase,  by  yeast,  attends  the  ordinary  nutritive  processes 
of  the  protoplasm  and  is  most  abundant  when  it  is  growing  most  rapidly. 
Lactose  is  not  aflFected  by  it.  Zymase  may  be  extracted  from  yeast  by 
grinding  it  in  a  mortar  with  an  equal  amount  of  sand,  adding  water,  and 
filtering  through  a  clay  filter.  It  is  necessary  to  crush  the  cells  of  the 
yeast  to  extract  the  enzyme. 

Kephir  and  koumiss  are  special  ferments  used  in  Europe  and  the 
Caucasus  in  the  preparation  of  an  alcoholic  beverage  by  fermenting 
milk.  They  consist  of  a  mixture  of  yeast  and  bacteria,  which  produce 
alcohol,  lactic  add,  coagulation  and  partial  peptonization  of  the 
proteins. 

Saccharomyces  albicans  (Oidium  albicans)  is  the  ferment 
which  is  fbund  growing  upon  the  mucous  membrane  of  the  mouth  of 
infants,  producing  the  disease  known  as  "thrush"  or  "sprue."  The 
fungus  appears  as  white  patches  upon  the  tongue  and  other  parts  of 
the  mouth.  The  cdls  are  globular,  oval,  or  cylindrical,  and  occur  in 
colonies  or  rows.    It  excites  alcoholic  fementation. 

There  are  a  number  of  instances  of  fermentations  that,  so  far  as 
we  know,  are  produced  by  specific  organisms  without  the  secretion  of 
an  enzyme.  These  may  be  regarded  as  changes  brought  about  by  the 
protoplasm  of  the  organisms.  A  brief  mention  may  be  made  of  a  few 
of  these,  which  produce  acids: 

Acetic  acid  ferment  (Mycoderma  aceti)  occurs  usually  in  the 
form  of  chains  of  very  small,  globular  bodies,  formed  by  the  multipli- 
cation of  the  cells  by  divisions,  at  right  angles  to  the  line  of  growth. 
It  belongs  to  the  bacteria  family.  It  grows  in  alcoholic  solutions  con- 
taining a  small  amount  of  albuminous  matter  or  ammoniacal  salts,  and 
alkaline  and  earthy  phosphates.  A  little  acetic  acid  favors  its  growth, 
as  well  as  a  free  supply  of  air.  It  acts  by  causing  an  oxidation  of  the 
alcohol  to  acetic  acid;  when  this  change  is  complete,  the  ferment  dies 
for  want  of  nourishment. 

Lactic  and  butyric  fermentations  go  hand  m  hand,  the  former  usu- 
ally, if  not  always,  preceding  the  latter.  Lactic  fermentation  arises  from 
the  growth  of  many  species  of  micro-organisms,  including  the  pus  organ- 
isms. They  are  spcmilating  organisms  mostly,  and  require  oxygen  for  their 
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development.  They  thrive  best  in  a  neutral  medium,  and  grow  best  with 
oxygen,  at  a  temperature  of  35**  C.  to  40**  C.  (95**  F.  to  104®  F.).  These 
conditions  exist  in  the  intestines,  and  they  are  aJways  found  there.  The 
substances  most  prone  to  these  fermentations  are  sugars,  organic  acids, 
soluble  proteids,  and  especially  mucus.  When  no  base  is  present  to 
combine  with  the  acid  produced,  this  acid  soon  checks  the  growth  of  the 
organisms.  When  Ume  or  other  base  is  present,  the  fermentation 
proceeds.  Butyric  fermentation  usually  follows  the  lactic,  and  con- 
verts this  acid  into  butyric  acid,  liberating  CO,  and  free  hydrogen.  It 
acts  best  in  an  alkaline  fluid.  These  organisms  are  usually  found  in  the 
intestinal  contents.  These  gases  distend  the  bowel  and  often,  produce 
colic.  Any  excessive  production  of  mucus  in  the  bowel  greatly  favors 
these  fermentations.  Butyric  fermentation  is  chiefly  caused  by  the 
Bacillus  amylobacter  (Vibrio  butylicus),  although  manv  other 
microbes  are  capable  of  inducing  this  fermentation,  as  the  bacillus 
btttyrictts,  which  can  ferment  ^ycerin.  This  bacillus  secretes  in- 
vertase.  Butyric  acid  may  be  produced  from  starch  and  sugar  as  well 
as  from  lactic  acid.  Other  ferments  of  this  class  are  certain  ones  which 
produce  propionic  acid,  citric  acid,  oxalic  acid,  and  valeric  acid. 

Urea-ferment. — When  urine  is  exposed  to  the  air,  its  acidity  at  first 
increases,  and  then  diminishes  rapidly,  and  gives  way  to  an  alkaline 
reaction.  The  solution  is  then  foimd  to  contain  ammonium  carbonate, 
formed  from  the  urea.  This  is  due  to  a  hydrolytic  change  resulting 
from  the  growth  of  certain  micro-organisms,  of  which  the  best  known 
is  the  Micrococcus  uiem.  This  organism  is  composed  of  globular  cdls 
tmited  into  long,  curved  chains  floating  in  the  urine  as  long  as  fermen- 
tation proceeds.  When  this  is  over  &ey  fall  to  the  bottom,  and  the 
chains  break  up  into  free  globules  or  short  chains.  They  secrete  an 
enzyme,  urease,  to  which  their  activity  is  due. 

Recent  investigations  show  that  these  organisms  are  not  the  only  ones 
that  bring  about  this  change,  but  that  there  are  many  others.  It  is 
quite  certain  that  the  mucus  secreted  in  catarrh  of  the  bladder  can 
produce  the  change,  as  it  takes  place  in  the  presence  of  chloroform  and 
of  sodium  fluoride.  If  a  lurine  which  is  full  of  lurea  ferment  be  filtered 
through  a  filter  that  allows  no  organbms  to  pass,  the  change  is  stopped. 
If  it  be  treated  with  alcohol  before  filtering,  the  filtrate  has  the  power 
of  producing  the  change.  It  thus  seems  that  the  alcohol  extracts  an 
enzyme  from  the  organisms,  while  water  does  not.  The  most  prolific 
soiurce  of  this  enzyme  b  the  mucus  of  cystitis. 

Putrefactive  fermentation  is  caused  by  the  growth  of  various 
forms  of  bacteria.  The  proteins  are  most  liable  to  putrid  fermenta- 
tion. This  fermentation  takes  place  in  all  organic  infusions  containing 
.pcoteid  matters,  when  exposed  to  the  air;  it  also  occurs  in  the  small 
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intestine,  in  cases  of  constipation,  or  in  some  forms  of  indigestion,  and  to 
a  slight  extent  in  the  normal  conditions.  The  putrefactive  ferments 
are  classified  into  aerobic  (those  requiring  oxygen)  and  anaerobic. 
The  first  give  a  little  gas,  little  or  no  anmionia,  and  a  putrid  odor.  The 
second  class  decompose  the  proteid  matters,  producing  at  first  hydrogen, 
and  a  little  carbonic,  acetic,  lactic,  and  butyric  adds.  Then  the  matter 
becomes  strongly  alkaline  from  the  production  of  ammonia,  with  escape 
of  nitrogen,  anmionia,  hydric  sulphide,  and  complex  pho^horous  com- 
pounds. At  the  end  of  some  days  the  mass  gives  off  almost  pure  CO, 
and  NH^  and  there  goes  into  solution  a  series  of  amins  and  amids, 
among  which  are  leudn,  tyrosin,  and  amidostearic,  caproic,  butyric,  and 
palmitic  adds.  The  two  last  predominate.  At  the  same  time  phenol, 
skatol,  indol,  pyrrhol,  and  phenyl-acetic,  phenyl-prc^ionic,  oxyphenyl- 
propionic,  skatol-carbonic,  and  skatol-acetic  adds  make  their  appear- 
ance. Finally,  more  or  less  poisonous  toxalbumins,  peptone,  and 
ptomaines  appear.  These  products  do  not  all  appear  in  all  cases,  but 
are  modified  by  the  substance  acted  upon,  and  by  other  conditions. 

Nitrifying  Bacteria* — ^These  bacteria  are  found  in  all  soils  con- 
taining organic  matter,  and  found  especially  abundant  about  the  rootlets 
of  plants.  The  bacteria  found  in  the  nodules  on  the  roots  of  the  legu- 
minous plants  have  the  power  to  fix  atmo^heric  nitrogen  and  convot  it 
into  plant-food.  Pure  cultures  of  this  organism  have  proved  valuable 
as  a  fertilizer  when  sown  on  the  soil  of  over-cultivated  fidds,  increasing 
the  )rield  of  crops.  They  are  also  found  in  surface-waters.  Their  func- 
tion is  to  convert  proteids  first  into  amido-compounds  and  amins,  thai 
into  ammonia,  and  finally  into  nitrous  and  nitric  adds.  They  therefore 
act  as  oxidizing  agents,  similar  to  the  acetic  ferment.  It  is  by  this  agency 
that  polluted  waters  dispose  of  their  nitrogenous  organic  matter,  and 
purify  themselves. 

When  a  water  has  thus  purified  itself,  the  nitrogen  will  be  foimd  in 
the  form  of  nitrates  or  nitrites  of  the  metals.    (See  p.  131.) 

It  is  by  the  aid  of  these  organisms  that  plants  are  able  to  feed  upon 
nitrogenous  matters  in  the  soQ,  fix  the  free  nitrogen  of  the  air,  and  inake 
plant-food  of  it 

AHIMAL  nUTRiriOH. 

As  already  stated,  animals  derive  their  nourishment  from  the  vege- 
table kingdom,  either  directly,  or  they  live  upon  animab  who,  in  turn, 
live  upon  a  vegetable  diet  Foods  are  substances  which  are  required 
for  the  nutrition  of  the  tissue-cells.  It  has  been  calculated  that  the 
average  adult  man  loses  about  1000  gm.  of  solid  matter  daily  in  the  ex- 
pired air,  sweat,  urine,  feces,  and  otiber  excretions.  Food  is  necessary 
to  rq>lace  this  waste,  if  the  body-weight  is  to  remain  constant    Food 
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may  be  defined  as  anything  which  is  capable  of  repairing  waste  of  tissue, 
or  of  furnishing  material  ^m  which  the  organism  can  produce  heat  or 
nervous  energy  and  muscular  work.  The  process  of  appropriating  food 
to  the  use  of  an  organism  b  called  nutrition. 

Nutrition  takes  place  in  five  different  phases — viz.,  digestion,  absorp- 
tion, assimilation,  destructive  metabolism,  and  elimination  of  waste, 
or  excretion.  Digestion  is  the  process  of  convoting  food  into  dialyzable 
compounds.  Digestion  is  foUowed  by  absorption ;  that  is,  the  passage  of 
the  products  of  d^estion  through  the  walls  of  the  alimentary  canal  into  the 
blood  and  lymph,  carrying  the  absorbed  material  to  the  tissues.  The  tis- 
sues take  up  the  digested  and  absorbed  material  for  the  nutrition  of  their 
cells.  ThisiscaUedassimilatioiu  In  some  cases  assimilation  b  delayed 
by  the  storingup  of  materials  for  future  use,  such  as  the  storing  of  glycogen 
in  the  liver  and  of  fat  in  the  connective  tissue.  Destructive  metabo- 
lism is  the  process  continually  going  on  in  the  tissues,  by  which  they 
are  disintegrated  during  the  physiological  activity  of  the  cells.  The 
oxygen  is  supplied  by  re^iration,  and  the  energy  of  this  oxidation  is  used 
up  in  the  physiological  activity  of  the  tissues  and  the  production  of  heat 
By  this  process  stored  energy  is  converted  mto  muscular  or  nerve  en^gy. 
It  consists  at  first  in  a  cleavage  of  the  complex  protoplasmic  molecules 
into  simpler  molecules.  These  cleavage  products  are  generally  soluble 
and  diffusible;  they  are  passed  to  the  periphery  of  the  cells,  and 
here  the  process  of  oxidation  begins.  It  is  yet  a  disputed  point 
whether  any  portion  of  the  food  b  oxidized  without  first  being  assimi- 
lated. Elimination  consists  in  the  discharge  from  the  system  of  the 
Eroducts  of  the  destructive  metabolism.  These  waste  products  are  no 
>nger  required  in  the  system,  as  their  energy  has  been  used  up. 


FOODS  AND  DIET. 

Foods  are  mixtures  of  various  inorganic  and  organic  materials, 
which  are  usually  termed  proximate  principles.  The  chief  proxi- 
mate principles  of  food  are  the  same  as  the  chief  proximate  principles 
of  the  body.  They  may  be  classified  as  follows:  Water,  metallic  salts, 
proteins,  gelatinoids,  fats,  carbohydrates,  and  a  few  other  less  impor- 
tant organic  constituents.  These  proximate  principles  do  not  occur  in 
natund  foods  in  the  pure  state,  but  are  mixed  in  varying  proportions. 
It  is  necessary,  in  a  suitable  diet  for  man,  that  all  these  above-mentioned 
proximate  principles  should  exist;  and  hence,  we  find  them  mixed  for  use 
in  natural  foods.  In  milk  and  eggs,  for  example,  which  form  the  ex- 
clusive foodstuff  for  young  animals,  we  find  all  the  proximate  principles 
mixed  in  suitable  proportions;  hence,  they  are  frequently  ^ken  of  as 
perfect  foods.    Eggs,  although  a  perfect  food  for  the  chick,  are  not 
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quite  perfect  for  mammals,  as  they  contain  too  little  carbohydrate. 
In  vegetable  foods,  as  a  rule,  the  carbohydrates  predominate,  and  are, 
therefore,  necessarily  mixed  with  fat  and  nitrogenous  substances  in  the 
form  of  animal  food. 

.  Diet. — By  the  term  diet  we  mean  an  arranged  selection  of  foods  in- 
tended to  supply  the  needs  of  an  animal.  A  healthy  and  suitable  diet 
must  possess  the  foUowing  characteristics:  (i)  It  must  contain  the 
proper  amount  and  proportions  of  the  various  proximate  principles;  that 
is,  of  proteins,  fats,  carbohydrates,  salts,  and  water.  (2)  It  must  be 
adapted  to  the  age,  sex,  and  habits  of  the  individual,  and  to  the  climate. 
(3)  It  must  not  only  contain  the  proper  proximate  principles,  but  they 
must  be  in  a  digestible  form.  (4)  The  object  of  food  being  to  nourish 
the  tissues  and  repair  the  loss  due  to  destructive  metabolism,  the  relation 
between  food,  exercise,  and  excretion  must  be  properly  regulated. 

In  the  consideration  of  diet,  it  is  usual  to  consider  chie^y  the  three  proximate 
principles — carbohydrates,  proteids,  and  fats.  It  is  necessary  that  these  three 
ingreaients  should  be  so  adjusted,  that  neither  should  be  in  great  excess  over  and 
alx>ve  the  needs  of  the  body.  The  proportion  of  carbon  to  nitrogen  in  proteids  is 
about  as  15  to  35,  or  3  to  7.  If  a  person  lives  entirely  on  proteid  iood,  his  diet 
will  contain  too  much  nitrogen  and  too  little  carbon.  If  he  lives  entirely  upon 
carbohydrates,  he  would  not  get  sufficient  nitrogen  to  nourish  the  tissues.  The 
fats  and  carbohydrates,  taken  together,  are  sometimes  called  the  non-nitrogenous 
foods.  In  carbohydrates  the  H  and  O  exist  in  the  proportion  to  form  water.  We 
may  reiEard  the  H,  therefore,  as  completely  burned,  in  these  substances,  and  not 
aviulabfe  for  combustion  or  the  generation  of  enei^gy,  the  carbon  alone  being  avail- 
able for  this  purpose.  Fats  contain  much  less  O  in  proportion  to  their  carbon  and 
H  than  do  the  carbohydrates;  they,  therefore,  generate  more  heat  in  their  complete 
oxidation  than  the  latter.    The  following  reactions  will  serve  to  make  this  clear: 

CJE^u  +  12O,  -  iiHjO  +  laCOy 
Sucfow. 
C,H^(Cja»OJ,  +  77O,  -  57CO,  +  52H,0. 

It  is  found  that  animals  thrive  best  on  diets  which  supply  them  with 
the  bulk  of  their  carbon  from  both  fats  and  carbohydrates.  The  diet 
which  man  constructed  for  himself,  long  before  our  theories  explained 
why  he  did  so,  contained  meats,  carbohydrates,  and  fats.  Again,  the 
foods  which  nature  has  provided  for  growing  animals,  in  the  form  of 
milk  and  eggs,  contain  fat,  carbohydrates,  and  proteins.  From  this  it 
would  be  inferred  that  all  three  of  these  constituents  are  essential  to 
the  proper  nourishment  and  growth  of  animals. 

The  Relative  Value  of  Foods.— Four  tests  are  in  use  for  the  deter- 
mination of  the  relative  value  of  foods: 

1.  The  physical  test,  or  the  heat  value,  or  the  amount  of  potential 
energy  it  will  furnish. 

2.  The  chemical  testy  or  the  determination  of  the  amount  of  nutritive 
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proximate  principles  it  contains.  This  is  obtained  by  chemical  analjrsis, 
and  is  generally  stated  in  percentages. 

3.  The  physiological  test,  or  the  digestibility  of  the  food>  or  the 
case  and  completeness  of  its  digestion  and  absorption. 

4.  The  economic  test,  or  die  relative  cost  of  the  nutritive  constitu- 
ents. This  subject  is  not  treated  here,  as  it  is  an  economic  rather  than 
a  chemical  question. 

The  Thermotic  Value,  or  Dynamic  Energy,  of  Foods. — ^The 
production  of  heat,  or  dynamic  energy,  is  one  of  the  important  offices  of 
all  food.  The  final  result  of  the  chemical  changes  going  on  in  the  body, 
sometimes  termed  metabolism,  is  chiefly  an  oxicktion  process.  The 
oxidation  of  organic  matter  alwajrs  develops  more  or  less  heat  energy. 
Heat  and  muscular  power  are  convertible  in  the  body,  and  articles  that 
produce  heat  produce  also  muscular  energy.  The  consideration  of  the 
dynamic  energy  of  foods  is  based  upon  the  foUowing  principles  of 
thermochemistry: 

1.  The  quantity  of  heat  evolved  in  any  reaction  may  be  taken  as  a 
measure  of  the  chemical  and  physical  work  accomplished. 

2.  When  a  series  of  reactions  take  place  in  a  number  of  bodies,  the 
amount  of  heat  absorbed  or  evolved  will  depend  solely  upon  the  initial 
and  final  state  of  the  bodies  concerned  in  the  reactions,  without  regard 
to  the  intermediate  changes  or  conditions  through  which  they  pass. 

3.  In  any  chemical  reaction  between  a  series  of  bodies  not  acted  upon 
by  external  forces,  the  tendency  is  toward  that  condition  which  will  result 
in  the  production  of  the  greatest  amount  of  heat.' 

In  the  application  of  these  principles  to  the  action  of  food  in  the 
animal  body,  two  factors  are  to  be  determined: 

1.  The  heat  evolved  by  the  various  food-materials  when  burned 
outside  of  the  body. 

2.  The  heat  evolved  by  these  same  foods  when  burned  in  the  body. 
The  first  is  determined  by  burning  a  known  weight  of  the  food  in  a 

calorimeter.  The  second  b  determined  by  feeding  experiments  with 
man  or  one  of  the  lower  animals,  so  conducted  as  to  measure  the  food 
and  air  given,  the  amount  stored  in  the  body,  all  the  waste  material 
excreted,  the  heat  evolved,  and  the  muscular  and  nervous  energy  ex- 
pended. 

This  is  done  by  putting  the  man  or  animal  under  experiment  in  a 
larger  calorimeter,  usually  called  a  respiration  calorimeter. 

As  heat  and  mechanical  work  are  mutually  convertible,  energy  is  usually  reck- 
oned either  in  terms  of  work  done  or  as  its  equivalents  in  heat  units.  The  unit  of 
work  is  the  foot-pound  or  foot-ton  in  English  measure,  or  the  gram-meter  or  kilo- 
gram-meter  in  the  metric  system.  The  heat  unit,  or  calorie,  is  the  amount  of  heat 
necessary  to  raise  the  temperature  of  z  kilogram  of  water  from  zero  to  z^  C.    Id 
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English  measures  a  thermal  unit  is  the  amount  of  heat  oecesBaiy  to  raise  i  pound, 
of  water  from  zero  to  i^  C* 

A  thermal  unit  —        0.45  calorie. 

A  calorie  -*        2.2  thermal  units. 

A  thermal  unit  —  1390    foot-pounds,  or  0.695  foot-ton. 

A  calorie  -*    425.5  kilogram-meters,  or  425,500  gram-meten* 

A  calorie  —  30^7.6  foot-pounds. 

I  Rilogram-meter  -*  7  233  foot-pounds. 

I  Foot-pound         —  0.138  kilo^am-meter. 


The  heat  of  combustion  is  the  same,  whether  the  food  be  burnt  In  the  air  or  in 
the  human  body.  The  apparatus  which  is  employed  for  determining  the  heat  of 
combustion  of  bodies  (Fig.  64)  consists  of  a  vessel  surrounded  by  a  Ukown  weight 
of  water,  and  in  which  the  substance  is  burned  with  oxygen.    The  heat  is  com- 

*  A  thermal  unit  is  sometimes  taken  as  the  heat  necessary  to  raise  i  pound  of 
water  i^  F.  A  smaller  calorie  is  also  sometimes  used,  which  is  the  heat  required  to 
raise  i  gm.  of  water  i*^  C. 
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munkated  to  the  surrounding  water,  and  the  rise  of  temperature  of  the  water  is 
carefully  measured  with  a  thermometer.  It  is  called  a  cklorimeter.  The  sub- 
stance to  be  burned  is  placed  in  the  combustion-chamber,  K.  This  chamber  is 
suspended  in  the  larger  vessel,  L,  filled  with  water,  which  completely  surrounds  the 
combustion  cliamber.  The  vessel  containing  the  water  is  surrounded  by  a  layer 
of  non-conductinff  material,  M,  and  then  put  inside  of  a  larger  vessel  contaimng 
water.  The  combustion  chamber  has  three  tubes  passing  into  it:  O  supplies  air  to 
support  the  combustion;  a  is  an  observation  tube;  d  is  used  to  conduct  gases  when 
these  are  to  be  burned,  and  g  leads  out  the  gases  produced  by  the  combustion,  and  is 
made  to  traverse  the  water  through  a  long  distance,  so  as  to  cool  the  gases  thor- 
oughly. A  weighed  quantity  of  the  substance  can  be  burned  in  the  calorimeter,  and 
the  heat  produced  is  estimated  by  notins,  by  a  delicate  thermometer,  the  number  of 
degrees  in  temperature  the  known  weight  of  water  in  the  instrument  is  raised. 

The  degrees  of  rise  in  temperature  of  the  water,  multiplied  by  the  weight  of  the 
water  in  kilograms,  gives  the  number  of  calories  product  in  the  burning  of  that 
amount  of  the  food  taJcen  for  the  experiment. 

In  the  calorimeters  now  generally  used  the  substance  is  burned  in  a  strong 
vessel,  known  as  a  bomb,  into  which  oxygen  is  previously  pumped  under  a  very  high 
pressure.  The  combustible  is  then  iffntted  by  an  electric  spark.  The  gases  pro- 
duced by  the  combustion  axe  retainea  in  the  bomb,  and  no  heat  is  lost  with  tneir 
escape.  The  results  obtained  with  the  bomb  calorimeter  are  more  accurate  than 
those  obtained  with  the  open  form. 

The  following  proximate  principles,  when  burned,  give  the  follow- 
ing amounts  of  heat  and  work: 

Calories.  Foot-toms.  Kilookam-mktbis. 
Pfer  Gram.       Per  Ounce. 

Protein, 4.2            Z16.26  6.4                1787 

Fat, 9.3            263.70  14.2               3957 

Carbohydrate, 4.1             116.25  6.3                1744 

Dr.  Rubner  obtained,  by  comparative  feeding  experiments  upon 
animals,  and  with  the  calorimeter,  the  foUowing  figures.  Taking  the 
thermotic  value  of  fat  at  100,  he  found  that  to  give  the  same  amoimt 
of  heat  it  required  of — 

By  Fbxoino  Exfsrimxmts.  *By  CALOKUcnBa. 

Myosin, 225  parts.  213  parts. 

Leanmeat, 243     **  235     ** 

Starch, 232     "  229     ** 

Cane-sugar, 234     "  235     •* 

Grape-sugar, 256     **  255     •* 

That  is,  I  gm.  of  fat  gives  the  same  amount  of  heat  as  2.25  gm.  of 
myosin,  or  as  2.56  gm.  of  grape-sugar.  From  these  or  similar  experi- 
ments, it  is  possible  to  obtain  a  definite  estimation  of  the.  potential  energy 
produced  by  foods.  It  has  been  found  that  the  heat  value  of  proteids, 
when  burned  in  the  body,  is  nearly  equal  to  that  of  carbohydrates,  and 
is  a  little  less  than  one-half  the  value  of  fat  as  a  heat-producing  agent. 
It  must  be  remembered,  however,  that  there  is  this  difference:  lean  meat 
has  for  one  of  its  chief  offices  the  building-up  of  tissue  and  repairing  waste. 
We  do  not  obtain  all  the  possible  heat  and  muscular  power  from  it,  as  we 
do  from  the  carbohydrates  and  fats,  because  about  one-third  of  its  heating 
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power  remains  in  the  urea  which  is  formed  from  it.  By  accurate  ex- 
periments in  feeding  the  human  body,  it  has  been  found  that  the  proteids, 
fats,  and  carbohydrates  replace  one  another  in  almost  the  exact  propor- 
tion of  their  heats  of  combustion,  when  the  person  experimented  with  is 
in  a  state  of  idleness.  The  following  table,  arranged  by  Frankland, 
gives  the  force  produced  by  i  gm.  of  the  common  articles  of  food: 


FbOD. 


PSBCniTAOI 

or  Wates. 


Cod-liver  oil, .... 

Beef-fat, 

Butter, 

Cheshb^  cheese,.. 

Oatmeal, 

Flour, 

Pea-meal, 

Arrowroot,. 

Ground  rice, 

Yolk  of  egg, 

Cane-8u^, 

Hard-boiled  egg,. 
Breadcrumb,.... 

Mackerel, 

Lean  beef, 

Potatoes, 

Whiting, 

White  of  egg, 

Milk, 

Apples, 

Cabbage, 


FOKCS-PBODUCINO   ValuS. 


Im 
CALoim. 


24.0 


47.0 

62.3 
44.0 
70.5 
70-5 
730 
80.0 

86.3 

87.0 
83.0 
88.S 


9.107 
9.069 
7.264 

4647 
4.004 
3936 

3-93^ 
3.912 

3.813 
3-42^ 
3.348 

^'3^3 

2.2tl 
1.789 

1-567 
I.OI3 
0.904 
0.671 
0.662 
0.660 
0^34 


In  Kilogxam-mbtesi. 


When  Bunt 
in  Oxygen. 


3857 
3841 
3077 
1969 
1696 
1669 
1667 

1657 
1615 

1449 
1418 
Z009 

^2 
758 

664 

429 

^^ 
284 

280 

280 

184 


When  Burnt 
in  the  Body. 


3857 
3841 
3077 
1846 
1665 
1627 
1598 
1657 
1591 
1400 
1418 
966 
910 

s 

422 

244 
266 
273 
178 


The  foUowing  table  gives  the  calorific  value  of  100  gm.  and  of  z  oz. 
avoirdupois,  and  will  be  found  useful  in  calculating  dietaries: 

Calorific  Value  op  100  Gic.  and  i  Oz.  of  Some  Standard  Foods  (Jargensen). 

Calories. 

Ptf  xoo  Cm.  Per  Os. 

Whole  milk, 67.5  19.3 

Skim-milk, 39.61  11.3 

Cream, 214.7  ^''S^ 

Buttermilk, 41*56  zi.8 

One  egg, 80.0  22.9 

Buttered  egK, 187.6  53.6 

Wheat-bread, : .  281 .0  80.0 

Wheat-bread  (toasted), 258.8  74.0 
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CALOunc  Valuk  of  xoo  Gm.  ahd  i  Oz.  or  Some  Stamdaxd  Foods 
(Jf^rgensen). — ConHmud, 

Calokbs. 

Per  iooGb.  Per  Os. 

Zwieback  (wheat), 357^  100.2 

Eiu^lish  biscuit, 419^  119^ 

Cakes, 374-0  io7x> 

Butter, 814^  231^ 

Beef  (raw), 118^5  33.5 

Beef  (broiled), 213.6  61.1 

Beef  (boOed), 209.0  6ao 

Veal-cutlets  (raw), 142.45  40.7 

Veal-cutlets  (broOed), 230.5  65.9 

Chicken-breast  (raw), 106.4  30.4 

Pigcon(raw), 99.7  28^3 

Calf-brains  (raw), 140.0  40.0 

Carp(raw), 93.6  26.57 

Flounder, 100.6  28.74 

Salmon, 133.3  35.23 

Sole, 95.2  27.2 

Trout, 106.4  30.4 

Potato-bread  (with  butter), 127.4  36.4 

Spinach, 165.65  47.33 

Carrots, 41.0  11.7 

Bean-soup, i93X>  55.14 

Green  peas, 318.0  62.3 

Asparagus, 18.5  5.5 

Oatmeal, 288.5  82.4 

Macaroni, 352.6  100.7 

Omelet, 236.7  67.62 

Calculation  of  the  Calorific  Value  of  a  Food  from  its  Chemical 
Analysis. — ^The  calorific  value  of  any  food  may  be  calculated  ^m  its 
proximate  composition  by  multiplying  the  percentage  of  proteid,  fat, 
and  carbohydrate  by  the  amount  of  heat  developed  from  i  gm.  or  i  oz.  of 
each,  and  adding  together  these  products.  As  percentage  represents 
parts  in  100,  the  above  calculation  will  give  the  heat  to  be  obtained  from 
100  gm.  or  100  oz.,  according  as  the  factor  for  i  gm.  or  i  oz.  is  used  in 
the  calculation. 

For  example,  to  calculate  the  thermotic  or  calorific  value  of  100  gm.  of  bread, 
containing  55  per  cent,  of  carbohydrate,  i  per  cent,  of  fat,  and  8.8  per  cent  of 
proteid,  we  may  proceed  as  follows:  The  55  gm.  of  carbohydrate  will  give  55  X 
4.1  —  335-5  calories.  The  8.8  gm.  of  proteid  will  furnish  8.8  X  4.2  »  36.96 
calories.  The  i  gm.  of  fat  will  tonish  i  X  9.3  =  9.3  calories.  The  total  heat 
furnished  by  100  gm.  of  bread  is,  therefore,  271.76  calories. 

Diet  Tables. — The  proper  construction  of  the  diet  for  man  has 
been  made  the  subject  of  a  great  deal  of  investigation,  and  is  a  matter 
of  considerable  importance.  The  attempt  has  been  made  in  various 
ways  to  determine  the  necessary  daily  diet  of  a  man  under  different 
conditions.  The  following  table  shows  the  estimates  of  the  ten  observers 
whose  names  appear  at  the  top  of  the  table: 
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It  will  be  seen  that  there  are  considerable  differences  in  the  estimates 
of  different  authors.  Less  variation  is  observed  in  the  amount  of  pro- 
teins than  in  the  fats  and  carbohydrates.  The  results  are  given  in  grams 
and  in  avoirdupois  ounces.  The  last  column  gives  the  average  of  the 
ten  authors  quoted. 

The  following  table  gives  the  amount  of  a  nimiber  of  the  common 
foods  which  will  contain  the  average  daily  needs  of  the  himian  body, 
according  to  Moleschott's  estimates: 

WxiOHT  OF  Food  which  Contains 
Food.  zso  gm.  of  protdd.  420  gm.  ci  non-pralcid 

(90  ol  fat,  330  of  carbohydntci). 

Chceae, SSOgm.  i53ogm. 

Lentils, 453    •*  693    " 

Peas 537    ••  704    " 

Beef, 566   -  1945    •• 

Hens' eggs, 893    *«  776    " 

Wheat-bread, 1332    **  543    " 

Maize, 1515    "  643    " 

Potatoes,.. 6000    "  1751    *• 

The  following  table  gives  the  results  arrived  at  by  different  investi- 
gators, as  to  the  necessary  daily  amounts  of  the  three  proximate  prin- 
ciples demanded  by  adults  in  different  conditions,  with  the  calories 
generated  by  these  quantities.  To  convert  this  last  column  into  the 
equivalent  in  work  it  is  only  necessary  to  multiply  the  number  of  calories 
by  3077  to  reduce  it  to  foot-poimds,  or  by  1.539  ^  E!^^  foot-tons.  The 
weights  of  the  nutrients  are  given  in  grams: 


European  Dietaries. 


Soldier  in  peace, 

**     in  light  service, 

"     inthefield, 

Laborer, 

**      in  idleness, 

Carpenter  (40  years), 

Young  physician, 

Laborer,  servant, 

English  smith, 

"      prize-fighter, 

Wood-chopper  (Bavarian), . 

Laborer  (Silesian), 

Seamstress  (London), 

Soldier  in  peace, 

"     in  war, 

Average  population  (Paris), 


Pio- 
TEim. 


119 

"7 
146 
130 

137 
131 
127 

134 
133 
176 
288 

'I! 

54 

146 

"5 


Fat. 


40 

35 
44 
40 
72 
68 

89 
102 

95 
71 
88 
208 
16 
29 
40 

5g 
48 


Caxbo- 
byd'tb. 


529 

447 
504 
550 
352 
494 
362 
292 
422 
666 

93 
876 

552 
292 

551 
557 
333 


Caloi- 

U8. 


2784 
2424 
2852 
2903 
2458 
2835 
2602 
2476 
2902 
3780 
2189 

5589 
2518 
1688 
2900 
3250 
2219 


AUTBOB. 


Playlair. 

midesheim. 
« 

Moleschott. 
Pettenkofer  and  Volt 
Fonter. 


PUyfair. 

Liebig. 
Meinert 
Playlair. 
Hammeraten. 

<c 

Gautier. 


rOODB  AND  DIET. 
AuxiCAN  DiXTARXES  (Expressed  in  Pounds  Avoirdupois). 


SS3 


Pso- 

Tsnts. 

Pat. 

Cauo- 
byd'te. 

Calok- 
ns. 

AuTBoa. 

Family  of  carpenters, 

0.25 

0.28 

0.76 

3055 

Atwater. 

**    glass-blowers, 

0.23 

0.29 

1.06 

3590 

«< 

W^ll-paid  marhinistF, . . .  ^ .  • ,  ^ . . 

0.29 

0.44 

I.2I 

4.650 

0.23 

0.44 

0.84 

3-490 

« 

Aven^pe  of  ao  dietaries  of  wage- 

earners  (Mass.  and  Conn.),. . . 

Average  of  5  dietaries  of  coU^ 

students  and  professional  men 

0-34 

0.50 

1.38 

5-a75 

H 

(Middletown,  Conn.), 

0^27 

0.81 

1.08 

8.850 

H 

Biickmakers,  at  bard  work, 

0.40 

a-54 

« 

Standard  dietary  in  Mass.  and 

Conn,  witb  moderate  work,. . . 

0.38 

0.28 

0.99 

3-5«o 

M 

Standard    for    bard    muscula» 

work..  •••.....•••...•.••... 

0.39 

0.55 

1-43 

5.700 

H 

Taking  the  figures  b  the  last  cohimDy  rejecting  those  which  are 
exceptionally  hij^  or  low,  we  find  that  the  average  European  dietaries 
give  about  2S00  calories,  and  the  average  Andean  dietaries  give 
about  3500  calories.  The  amount  of  nutrients  required  for  children 
is  greater  in  proportion  to  their  body-weij^t  than  for  adults.  The 
following  taUe  gives  the  nutrients  needed  for  children  at  various  ages: 


AoB  Of  CmxLD, 


WnoBT. 

PlOTXllfl. 

Fat. 

Caxbo- 

BYDIATU. 

KUoi. 

LU. 

Gm. 

o«. 

Gm. 

o«. 

Gm. 

o«. 

li 

5-5 

7 

0.25 

11 

0.4 

»5 

0.53 

6 

12 

0.42 

20 

0.67 

^7 

I 

4.5 

10 

19 

0.66 

29 

I 

41 

I.4I 

9 

20 

40 

1.4 

36 

1.27 

80 

2.8 

12.6 

28 

43 

1-5 

39 

1.4 

189 

6.66 

r 

37.3 

61 

2-15 

43.5 

1-53 

191 

6.7 

39.6 

63 

2.2 

45 

1.6 

198 

6.9 

•  • 

•  • 

60 

2.1 

44 

1-5 

150 

n 

.. 

.. 

7a 

li 

s 

1.6 

245 

.  • 

•• 

79 

1-7 

970 

9.5 

Caioi- 
us. 


Sixth  day  (girl), 

End  of  second  week. 
Four  months  (boy), . 

ijyears(prl), 

3yeaT»(purl), 

4yeaT»(bqjr), 

6years(boy), 

8-9  years, 

i2-i3years, , 

i4-'i5  years,  ••... ..( 


192-5 
346 

827 
1314 
1438 
1489 
1270 
1808 
1877 


Calculatioii  of  Daily  Dietaries.— From  the  data  above  given 
it  is  an  easy  matter  to  arrange  a  mixture  of  foods  to  give  the  necessary 
daily  energy  demanded  by  persons  in  any  desired  condition. 
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This  is  an  iiiq>ortant  matter  to  the  physician,  as  he  is  frequently 
called  upon  to  arrange  dietaries  for  prisons,  asylums,  soldiers,  and  othor 
collections  of  individuals.  It  is  frequently  desirable  to  prepare  a  dietary 
for  the  purpose  of  increasing  or  diminishing  flesh,  or  in  the  treatmoit  of 
certain  diathetic  diseases.  We  will  give  an  example  of  the  method  of 
calculating  a  diet  table  to  consist  of  beef,  bread,  butter,  oatmeal,  and 
potatoes,  and  to  furnish  approximately  3500  calories  of  heat 

Beef  (weighed  raw), 14  oz.  —    469  calorics. 

Wheat-bread, ao  "         1800       ** 

Butter.... 3  "  693       « 

Potatoes,.. 10  **  23s       " 

Oatmeal, 3  "  247       ** 

Total, so"    -  3444      - 

We  may  reduce  any  one  of  these  articles  and  replace  it  by  another 
article.  Suppose  it  be  desired  to  reduce  the  meat  by  two  ounces  and 
replace  it  with  sugar.  The  twelve  ounces  of  beef  would  give  402  calories. 
The  difference  (469  —  402  =  67  calories)  must  be  replaced  by  sugar 
giving  116.25  calories  per  ounce.  67  -;-  116  »  0.58  ounce  oi  sugar 
required  to  replace  two  ounces  of  raw  beef. 

It  should  be  noted  that  when  people  are  allowed  free  choice  in  the 
selection  of  their  foods,  they  usually  adjust  them  so  as  to  obtain  nearly 
the  following  amounts  of  heat  from  the  three  proximate  principles: 

Of  100  calories  obtained  from  a  daily  ration: 


Nursing  infants  obtain  from 

Children,  two  to  six  years,  from . . 
Well-fed  adults,  light  work,  from. 
Middle  class,  hard  work,  from. . . 

Adults,  poorly  fed,  from 

Aged  people,  from 

Average, 


It  is  probable,  therefore,  that  these  proportions  are  best  suited  to 
the  average  needs  of  the  body. 

Infants  fed  at  the  breast  use  from  two  to  two  and  a  half  times  as 
much  proteid,  about  five  times  as  much  fat,  and  about  the  same  amount 
of  carbohydrate,  per  pound  of  body-weight,  as  adults. 

Infants  fed  with  breast-milk  take  less  milk  than  those  fed  with  cows' 


Fats. 

Carbohydiatb, 

Calouss 

16 

43 

41 

16.6 

^'•2 

51.6 

19.3 

39.8 

51 

16.7 

16.3 

66.9 

la.i 

»7 

70.9 

174 

31.8 

60.7 

16.3 

36.6 

^Lbner.) 
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milk,  owing  to  the  more  complete  digestibility  of  the  former.  A  child 
at  the  breast,  during  the  sixth  month,  takes  from  770  to  835  c.c.  (25.5 
to  28  oz.)  of  milk,  and  when  fed  upon  cows'  milk  from  iioo  to  1200  c.c. 
(36  to  40  02.). 

The  following  is  a  dietary  devised  by  Austin  Flint,  and  adopted  by 
the  New  York  State  Commission  in  Lunacy,  and  used  in  all  the  State 
hospitals: 

Daily  Ration. 

Calokus. 
Meat,  with  bone,  including  salted  meats,  fresh  and  salted  fish, 

and  poultry, 12  oz.  450 

Flour,  to  be  used  in  making  bread  and  in  cooking  (may  in 

part  be  substituted  by  commeal  and  macaroni), la  "  1333 

Potatoes, 12  "  240 

Milk, .16  "  325 

One'egg, 2  "  80 

Sugar, 2  "  230 

Butter, -. 2  "  450 

Cheese, i  **  130 

Rice,  hominy,  or  oatmeal, 1}  "  173 

Beans  or  peas  (dried), i|  "  150 

Coffee  (in  the  berry  and  roasted), f  " 

Tea(black), {  " 

Approadmately, 62     **  3461 


UMfTED  States  Soldier's  Ration. 

Fresh  beef  or  mutton, 20  os. 

Or  pork  or  bacon, 12  •* 

Or  salt  beef, 22  " 

Or  dried  fish, 14  " 

Or  fresh  fish, 18  « 

Fkmr, 18  oz. 

Or  soft  bread, 18  " 

Or  hard  bread, 16  ** 

Or  commeal, 20  *• 

Beans, 2!  oz. 

Orpeas, 2I  " 

Or  rice, i|  " 

Or  hominy, if  ** 

Potatoes, 16  oz. 

Or  potatoes,  12*;  onions,  3^, 16  " 

Or  potatoes,  iij;  canned  tomatoes,  4I, 16  ** 

Or  other  fr«sh  vegetables, 16  " 
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Cofifee  (green), if   Od 

Or  coffee  (roasted), ijg  ** 

Or  tea, A  " 

Sugar, al    •* 

Ormolasses, ttS^ 

Vinegar, AgilL 

Salt, «<»• 

Pepper, ts  ** 

This  ration  is  varied  somewhat  for  soldiers  serving  in  the  tropics. 

The  naval  ration  is  always  different  from  the  army  ration,  owing  to  the 
difficulty  of  always  securing  firesh  meats  and  vegetables.  Canned  and 
dried  fruits  and  vegetables  are  always  carried,  to  take  the  place  of  the 
fresh  foods. 

Weight  and  Volume  of  a  Daily  Ration.— In  constructing  a  daily 
ration  we  should  not  only  take  into  account  the  composition,  but  the 
digestibility  and  the  weight  of  food  to  be  given  in  twenty-four  hours. 

The  total  weight  of  food  for  a  man  of  145  pounds,  doing  ordinary 
work,  should  be  between  fifty-five  and  sixty-five  ounces. 

Mechanical  Equivalent  of  Foods.— -We  have  discussed  the  dy- 
namic value  of  foods  largely  as  to  the  amount  of  heat  produced  by  their 
combustion.  Muscular  energy  is  derived  from  the  conversion  of  this 
heat  into  d3mamic  energy.  It  is  easy  to  calculate  from  the  heat  gener- 
ated by  a  food  the  mechanical  powor  it  will  produce.  We  have  but  to 
multiply  the  number  of  calories  by  3077.6  to  get  the  equivalent  in  foot- 
pounds, or  by  425.5  to  get  the  equivalent  in  kilogram-meters. 

If  we  take  the  European  estimate  for  adults  not  doing  work  as  2400  calories, 
we  calculate  the  equivalent  in  work  as  1,020,000  kilogram-meters,  or  3670  foot- 
tons.  For  ordinary  work  the  heat  required  is  estimated  as  2800  calories,  1,200,000 
kilogram-meters,  4280  foot-tons,  or  8,562,400  fcx>t-pounds.  Taking  the  American 
estimate  for  ordinary  work  of  3500  calories,  we  calculate  the  equivalent  as  1,488,250 
kilogram-meters,  or  10,771,600  foot-pounds. 

It  must  not  be  supposed  that  alt  the  work  represented  by  these  figures  can  be 
produced  bv  a  man  using  the  above  diets. 

A  considerable  part  of  the  energy  of  the  food  is  used  up  in  performing  the  work 
>  of  the  heart  and  lungs  and  necessary  muscular  movements,  and  a  part  is  lost  by 
radiation  of  heat  from  the  surface  of  the  body,  and  a  part  is  lost  with  the  breath, 
perspiration,  urine,  and  feces. 

McKendrick  puts  the  amount  of  work  done  by  a  laborer  in  eight  hours  as 
125,000  kilogram-meters,  or  904,125  foot-pounds.  The  average  daily  amount  of 
woik  performed  by  laborers  is  about  1,000,000  foot-pounds.  About  one-half  as 
much  can  be  accounted  for  in  other  work,  leavinj^  about  four-fifths  of  the  energv 
of  the  food  taken  as  loss.    The  best  steam-engine  can  utilize  about  onend^tb 
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of  the  total  eneigy  of  the  fuel,  while  the  human  body  gives  about  one-fifth  of  the 
total  energy  of  its  fuel  in  the  form  of  muscular  power.  It  has  been  estimated  by 
Professor  Gohren  that  the  horse  may  transform  about  3a  per  cent,  of  hb  food  into 
eneigy,  an  ox  43  per  cent.,  a  man  53  per  cent.  These  results  are  higher  than 
those  of  most  other  observers.  The  experiments  by  Rubner  on  dogs  show  that  they 
use  the  fuel  with  great  economy  as  k>^g  as  it  is  not  given  in  excess  over  the  needs 
of  the  body.  If,  however,  more  food  is  given  than  tneir  bodies  require,  they  store 
up  apart  of  the  excess  as  fat  for  a  time,  but  finally  reach  the  point  where  the  ex- 
cess IS  all  wasted — i.  e.,  there  seems  to  be  a  limit  to  their  storing-up  of  fat,  and 
after  that  the  excess  taken  is  thrown  away. 

Hanger, — During  abstinence  from  food,  the  body  gets  its  material 
for  the  production  of  heat  and  the  power  necessary  to  carry  on  the  vital 
processes  from  the  consumption  of  stored  fat  and  the  other  tissues. 
Adults  can  endure  hunger  better  than  children,  and  full-grown  large 
animals  better  than  young  or  small-sized  animals  of  the  same  sp>ecies. 
Fat  persons  can  endure  hunger  longer  than  lean  ones,  because  the  former 
have  more  fat  to  bum.  All  animals  live  longer  without  food,  if  water  be 
given,  than  without  water.  With  water,  strong  men  can  fast  six  weeks 
or  more;  young  children  will  often  die  in  from  one  to  two  weeks. 

Observations  on  fastmg  men  show  that,  when  there  is  an  abundance 
of  fat  present,  the  amount  of  proteid  used  up  is  nearly  proportional  to 
the  body-weight.  In  lean  persons,  however,  the  proteud  used  is  greater 
in  proportion  to  body-weight  than  in  the  fat.  The  loss  in  weight  is  more 
during  the  first  hunger-day  than  in  succeeding  days,  as  shown  in  the  fol- 
lowing table,  giving  the  observations  made  upon  three  fasting  men: 


Namb  or  Fastoio  Man. 


Body- 

Cms.  or 

Gms.  of 

Caiorhs 

WUOHTQt 

PlOTBDI 

Fat  Used. 

Pio- 

PomfDs* 

Used. 

DUCBO. 

136 

95 

170 

1980 

116 

67 

166 

1819 

III 

60 

165 

1786 

131 

63 

163 

I77I 

129 

63 

160 

174a 

"4 

60 

160 

1740 

»37-5 

104 

,, 

,  , 

125 

51 

170 

1795 

116 

33 

170 

1709 

1x0.4 

31 

169 

1703 

Cetti,  first  day, , 

«     fifthday, , 

**     tcnthday, 

Brdthaupt,  first  day,. .  < 
"  second  day,. 

**  sizthday,  •. 

Sued,  first  day, 

**    tenth  dav, 

**    twentieth  day, 

**    twenty-ninth  day. 


II  will  be  seen  that,  while  the  protein  used  continues  to  decrease 
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day  by  day,  the  fat  used  remains  nearly  stationary  after  the  second 
day.  Succi  had  more  fat  than  the  others,  and  this  spared  his  proteids. 
as  shown  in  the  table. 

Cetti  and  Breithaupt  lost  a  little  ovor  a  pound  a  day  in  weight, 
while  Succi  lost  a  little  less  than  a  pound. 

The  efifects  of  continued  fasting,  even  when  an  abundance  of  water 
is  taken,  are  gradual  loss  in  weight,  after  a  few  days  a  lowering  of 
body-temperature,  and  when  the  body-weight  has  reached  two-thirds 
or  one-half  the  initial  weight  the  nervous  system,  heart,  and  other 
organs  lose  their  function,  the  pulse  becomes  feeble,  inanition-delirium 
supervenes,  then  somnolence  or  coma,  and  finally  death. 

In  the  following  table  will  be  found  the  proximate  composition 
of  the  ordinary  articles  of  diet  in  parts  in  looo: 

CHEMICAL  COMPOSITION  OF  COMMON  FOODS  (Gauticr). 


Namb  or  Food. 


Flesh  vfUhout  Bones: 

Beef,  fat, 

"    medium  fat, 

M 

«  saUcd,". !.'.'."!!!!.*! 

Veal, 

Horse-flesh, 

Smoked  ham, 

Pork,  salted  and  smoked, 
Flesh  with  Bones: 

Beef,  fat, 

'*    medium  fat, 

"    slightly  salted, 

"    corned, 

Mutton,  very  fat, 

"        medium  fat, 

Pork,  fresh,  fat, 

"     salt,  fat, 

Ham,  smoked, 

Eggs,  white, 

^^yolk, 

Milk,  cow, . . , 

"     human, 

Fish  in  General: 
Eel,  of  rivers,  entire,  .... 
Salmon,  entire, 


183 
196 
190 
218 
190 
318 
255 
100 

156 
167 

175 
190 

135 
160 
100 
120 
200 
103 
160 
36 
19 

X2I 


166 

98 
120 

"5 
80 

65 
365 
660 

141 
83 
93 

100 

33a 
160 
460 
540 
300 
7 
307 
40 

45 

45 

220 

67 


Ratio  OF 
i:a:3. 


II 

18 

18 

"7 

13 

125 

100 

40 

9 

15 

85 

100 

8 
10 

5 
60 

13 

4 

1.8 

15 
6 


640 
688 
672 
550 
717 
492 
280 
130 

544 

480 
430 
437 
520 

365 
200 
340 
875 

1^5 
877 
740 

35a 
469 


150 
150 
167 
180 
88 

150 
70 
80 
90 


333 
333 


.90 
•50 
.63 
•53 
•42 
•20 

1.43 
6.60 

.90 
•49 
•53 
•53 
2.46 
I. 

4.60 

4.50 

I-50 

.07 

1.92 

I. II 

2-37 

•33 

a.47 

.56 


.07 

1-53 
2.52 
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CHEMICAL  COMPOSITION  OF  COMMON  FOODS.— CofUinued. 


Namb  or  Food. 


Pish  in  General: 

Sole,  entire, 

Perch,    " 

Cod,  fresh,  entire,  ...... 

Herring,  salted, 

Salmon,      "      

Cod,  dried, 

Vegetable  Poods: 

Wheat-bread,  fresh, 

Rye-bread,  fresh, 

Wher.t, 

Rye, 

winter  barley, 

Oats, 

Com, 

Rice, 

Peas, 

French  beans, 

Kidney     "     

Lentils, 

Potatoes, 

Cauliflower, 

Apples, 

Grapes, 

Almonds, 

Cocoa, 

Prepared  Poods: 

Bouillon, 

Butter, 

Lard, 

Swiss  cheese, 

Parmesan  cheese, 

Extract  of  beef  (Liebig's), 
Wine  (red  Bordeaux), . . . , 

Porter, , 

Beer,  ordinary, , 

"  Hght, 


145 
loo 
86 
140 
200 
53a 

88 

146 
90 

134 
119 
138 

64 

225 

225 

220 

265 

15 

5 

5 

7 

242 

140 

6 

7 

3 

335 

441 

304 

7 
5 
7 


14 

a 

I 

140 

108 

4 

10 
10 
la 
20 
28 

55 
70 
4.3 
20 
20 
15 
25 
2 


537 
480 


850 
990 
250 
159 


679 

675 
636 

615 
599 
781 

575 

540 

575 

580 

200 

20 

20 

80 

180 


II 

8 

8 

100 

13a 

106 

17 
16 
16 
19 
45 
30 
II 
6.8 
23 
24 
25 
16 
10 
7 


5 
29 

50 

3 
15 

38i 

57 

175 

4 
3 

2 


580 
440 

460 

257 

330 
400 
140 
166 

130 
140 

177 
144 

145 
160 

130 
"5 
760 
920 


250 
450 
450 
340 
100 
100 

5 

17 


820 
54 
55 

985 
119 

7 
346 

275 
217 
830 
871 

916 


66 
95 


Ratio  ot 
i:«:3. 


.09 
.oa 
.01 
I. 

•54 

.01 

.11 
.14 
.082 

.22 

.21 
.46 

•54 

.06 
.09 
.09 

•07 
.09 
.09 


2.22 

3-43 


I.2I 
330 

•75 

.36 


6.25 
6.25 
4.68 
7-50 
4.74 

5-17 
4.69 

11.90 
2-55 
2.43 
2.61 
2.19 

10.30 
4. 

16.* 

•30 
1.29 


9-57 

.15 

6.85 


The  Physiological  Test,  or  the  Digestibility  of  Foods.— A  knowl- 
ledge  of  the  digestibQity  of  foods  is  of  great  importance.    We  live,  not 
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upon  the  food  we  eat,  but  upon  what  we  digest  and  absorb.  The  fol- 
lowing table  gives  the  percentage  of  the  various  foods  usually  digested 
by  man: 


Namb  op  Food. 


Wbight  of  Food 
Batbn,  in  Grams. 


Moist 
Condi- 
tion. 


Dry  Sub- 
stance. 


Amount  Absorbed,  in  Pbr  Cbnt. 


Dry  Sub- 
stance. 


Proteins. 


FaU. 


Carbo- 
hydrates 


Ash. 


Meats  (roasted),  . 

SSS.: :::::: 

Milk  and  cheese.  . 

White  bread,  .  .  . 

Brown  bread,  .  .  . 

Macaroni,    .... 

Corn-bread,     .  .  . 

Corn-bread  and 
cheese, 

Rice,      

Peas  (in  soup),  .  . 

Potatoes, 

Butter, 

OleomaiiKarine, .  . 

Beets, 

Mixed  Diets: 

I  liter  milk,  chop- 
ped meat,  white 
bread,  butter, 
and  an  enr,    .  • 

I  liter  milk,  300 
gm.  of  meat,  175 
S:m.  bread,  60 
Srm.  butter,  .  .  . 

Meat,  peas,  cakes, 
rice,  cheese,  but* 
ter,  and  beer, .  . 

Meat,  oatmeal,  po- 
tatoes, bread. 
'  cheese,  peas,  ana 
butter, 

Coarse  bread,  po- 
tatoes, herrinff, 
bacon,  milk,  salt 
meats, 


2470 

IS 
% 

750 


600 
3078 


1540 
4500 

4330 

39K> 


367 
247 
3»5 

6*1 

780 


360 

805 
787 


89 

9" 
87 
87 


97 
.97 


S3 
85 


91 

94 
83 

78 

78 


95 

95 

95-97 

97 


% 

91 
93 

t 


100 
100 


99 
97 

96 

% 
9a 

*8a 


9S 
95 

77 


99 
96 

91 

93 


It  will  be  noticed  in  this  table  that  the  proteids  of  milk  and  cereals 
are  less  completely  digested  than  those  of  meats.  Children,  however, 
do  better  than  adults  in  digesting  the  proteins  of  milk.  In  considering 
this  question,  we  must  not  neglect  the  idios)mcrasies  of  certain  people. 
What  is  digested  by  one  b  often  difficult  to  digest  by  another.  Diseases 
of  the  digestive  canal  frequently  interfere  with  the  digestion  of  food. 
Idiosyncr^^sies  of  this  kind  usually  depend  upon  either  functional 
or  fermentative  disturbances  of  the  digestive  canal  or  its  contents. 
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Such  variations  from  the  normal  can  not  be  taken  into  account  in  con- 
sidering the  digestibility  of  foods. 

Circumstances  that  Affect  the  Digestibility  of  Foods-'Source. 
•  -The  proteins  of  animal  origin  are  more  easily  and  completely  digested 
than  tlK>se  from  the  vegetable  kingdom.  The  same  may  be  said  of  fats. 
We  know,  in  regard  to  the  carbohydrates,  that  the  starch  from  one  plant 
is  often  more  easily  digestible  than  that  from  another.  We  know  of  no 
explanatk>n  for  th^.  Some  kinds  of  flesh  are  more  easily  digested  by 
artificial  gastric  juice  than  others;  thus,  fish  is  more  difficult  to 
digest  than  beef;  white  flesh  is  more  easily  digested  than  dark,  raw 
beef  than  smoked. 

Observations  made  in  cases  of  gastric  fistula,  upon  the  time  food 
stays  in  the  stomach,  have  shown  that  meat  remains  from  two  and 
one-half  to  five  hours,  the  most  digestible  being  lamb,  beef,  mutton, 
fish,  veal,  and  pork,  in  the  order  named.  Some  starchy  foods--as  rice, 
barley,  tapioca— remain  two  hours  or  less  in  the  stomach,  whOe  others, 
such  as  beans,  peas,  and  potatoes,  remain  two  and  one-half  hours; 
white  bread  three  hours,  and  brown  bread  four  hours. 

Bulk  or  Volume  of  Food,— The  two  factors  which  appear  to  de- 
termine the  digestibility  of  vegetaUe  foods  are,  first,  the  bulk,  which  is 
chiefly  due  to  the  large  amount  of  water  and  starch  which  they  contain, 
and,  second,  the  amount  of  cellulose  they  contain.  If  the  amount  of 
cdlulose  is  small,  and  the  bulk  small,  they  digest  easily.  If  the  amoimt 
of  cellulose  be  large,  and  the  bulk  large,  their  digestion  is  difficult.  A 
bulky  food  throws  excessive  work  on  the  stomach,  causes  discomfort, 
and  all  parts  of  the  food  can  not  so  wdl  come  in  contact  with  the  walls 
of  the  stomach.  The  same  amount  of  nutriment  in  smallor  space  is 
more  easily  digested.  One  objection  to  a  vegetarian  diet  is  in  the  fact 
that  the  proteids  are  so  diluted  by  insoluble  cellulose  and  unnecessary 
starch,  that  large  volumes  of  food  must  be  taken  to  obtain  the  requisite 
90  to  100  gm.  of  proteul  daily.  The  carbohydrates,  too,  are  apt  to  undergo 
fermentative  changes,  and  the  gases  so  formed  give  rise  to  flatulence 
and  discomfort.  Cellulose  is  almost  useless  as  an  article  of  food,  and  it 
prevents  the  access  of  the  digestive  juices  to  the  nutritive  ingredients  of 
the  food  unless  it  be  wdl  broken  up  in  the  preparation  of  the  food.  On 
the  other  hand,  as  cdlulose  b  largdy  undigested  by  man,  it  increases 
the  volume  of  the  feces,  and  stimulates  the  movements  of  the  intestine, 
and  b  sometimes  useful  in  overcoming  constipation.  For  thb  reason 
whole  wheat  bread  acts  as  a  mfld  laxative.  Well-cooked  cellulose  is 
more  easily  attacked  by  bacteria  in  the  intestine,  and  furnishes  hydrogen 
and  marsh  gas,  thus  producing  troublesome  flatulence.  Thb  explains 
why  cooked  cabbage  or  turnips  often  create  sickness.  From  twenty  to 
eighty  per  cent,  of  the  cellulose  in  different  vegetables  remains  unab- 
37 
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fiorbed.  Whether  the  remainder  is  actually  digested  and  absorbed  or 
decomposed  by  bacteria  and  thus  disappears  is  doubtful. 

The  Reaction  of  Food.— As  a  rule,  food  should  be  slightly  alkaline 
to  excite  a  flow  of  gastric  juice;  too  much  alkali,  however,  neutralizes 
the  gastric  acidity  and  thus  hinders  digestion.  Too  much  acid,  such  as 
lemon-juice,  vinegar,  etc.,  may  diminish  digestion,  and  ultimately  lead 
to  serious  disorders  of  the  walls  of  the  stomach. 

Cooking  of  Food. — ^The  cooking  of  food  is  not  always  a  necessity, 
although  it  serves  several  useful  purposes.  It  destroys  parasites  aiKl 
the  danger  of  infection.  It  breaks  up  the  starch  grains  in  vegetable 
foods  and  makes  them  more  easily  afifected  by  the  digestive  juices.  It 
converts  the  insoluble  collagen  of  animal  foods  into  soluble  gelatin,  and 
disintegrates  the  connective  tissue. 

Of  the  two  methods  of  cooking  meats,  roasting  and  boiling,  the  former 
is  the  most  economical,  as  by  its  means  the  exterior  is  coated  over  with 
a  coagulated  layer,  which  preserves  the  flavor  and  juices  of  the  interior. 
Boiling  renders  the  proteins  more  insoluble  than  they  are  in  the  raw 
state,  but  this  is  counterbalanced  by  the  greater  solubility  of  the  con- 
nective tissue. 

Artificial  Digestion. — It  is  frequently  found  necessary,  with  per- 
sons of  feeble  digestion,  to  partially  digest  the  food  before  it  is  admin- 
istered. Artificial  gastric  juice,  pancreatic  juice,  and  juices  of  the 
papaw  plant  and  the  pineapple  are  employed  for  thb  purpose.  The 
food  to  be  digested  is  warmed  to  the  temperature  of  about  40®  C.  (104® 
F.).  The  digestive  agent  is  then  added,  and  it  is  allowed  to  react  for 
a  time  limit^  by  circumstances.  In  such  cases  we  usually  present 
to  the  enfeebled  stomach  half-digested  foods.  In  the  case  of  meats, 
the  peptonization  is  seldom  carried  beyond  the  formatk>n  of  albumose. 
It  is  the  aim,  usually,  to  prepare  peptone,  if  at  all,  in  very  small  quan- 
tities. The  best  commercial  preparations  sold  under  the  name  of 
peptones  are  chiefly  albimioses  containing  but  a  small  quantity  of 
peptone.  Indeed,  the  value  of  peptone  as  a  food  seems  to  be  less  than 
that  of  albumose. 

Animals  fed  upon  peptone  instead  of  albumin  or  other  undigested 
protein  lose  weight.  The  following  table  shows  the  relative  value  of 
the  different  proteins  upon  the  metabolism  of  nitrogen: 

NmtooEN  NmoGBf 

Kind  or  Pkotbim.                                   Intake.                   Outgo.  Balance. 

Albumin                                            -f?-^'^^-  5-802  gm.  +3.115  gm. 

^*^'"^' 18.917   "  6.370  "  -fa.544  " 

Albumoec, 8.909  "  6422   "  +2487  " 

That  is,  when  the  same  amounts  of  the  three  proteins  are  fed,  the  first 
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two  nourish  the  body  equally  well,  while  peptone  fails  to  assimilate  in 
sufficient  amoimt  to  keep  up  the  nitrogen  balance. 

Artificially  digested  foods  are  usually  bitter,  if  the  digestion  is  carried 
too  far.  What  this  bitter  substance  is,  b  unknown.  It  is  not  albumose 
or  peptone. 

Absorption  of  Foods. — ^The  absorption  of  the  digested  foods  is 
more  of  a  physical  and  physiological  process  than  a  chemical  one.  It  is 
a  process  of  osmosis,  modified  by  special  conditions.  On  one  side  of 
the  mucous  membrane  of  the  intestines  we  have  the  blood  and  lymph, 
and,  on  the  other,  a  concentrated  solution  of  easily  dififusible  salts,  pep- 
tones, dextrin,  dextrose,  levulose,  soaps,  and  fat  in  a  state  of  fine  emulsion. 
The  soluble  carbohydrates — that  is,  dextrin,  dextrose,  levulose,  etc. — 
absorb  slowly,  pass  principally  mto  the  rootlets  of  the  portal  vein, 
and  are  carried  to  the  liver,  where  a  part  is  stored  up  as  glycogen,  the 
remainder  disappearing. 

It  is  now  believed  that  the  proteins  are  cleaved  mostly  into  the  amino- 
acids  before  or  during  absorption,  by  trypsin  and  erepsin.  If  peptone  is 
absorbed  at  all,  it  is  in  very  small  amount.  Albumoses  and  peptones 
being  colloid  substances,  by  the  laws  of  the  behavior  of  colloids  can 
not  diffuse  into  the  colloid  protoplasm  of  the  living  cells.  The  proteins 
are  then  cleaved  into  crystallizable  amino-acids  and  absorbed  as  such. 
These  are  then  used  by  the  tissue  cells  to  reconstruct  the  proteins  they 
need.  Egg-albimiin,  as  well  as  myosin  and  alkali-albumin,  when  mixed 
with  a  small  quantity  of -sodiimi  chloride,  are  absorbed  in  small  amounts. 
The  large  intestine  absorbs  them  more  readily,  the  limit  being  six 
grams  of  albumin  or  fifty  grams  of  egg-white  per  day.  The  soluble 
soaps  are  easily  absorbed.  The  most  of  the  fat  undergoes  saponifica- 
tion before  absorption,  but  a  small  part  of  it  b  emubified  and  absorbed 
in  thb  form.  Thb  emubion  b  quite  readily  absorbed  by  the  lac- 
teals,  and  soaps  can  be  detected  in  the  portal  blood,  but  rapidly  disap- 
pear. No  free  fatty  acids  have  been  found  in  the  blood.  Alcohol,  in 
part  at  least;  tartaric,  malic,  citric,  and  lactic  acids;  glycerol,  inulin, 
and  vegetable  mucin  are  absorbed  from  the  intestine;  chlorophyll  is  not 
absorbed;  hematin  only  partly;  indigo,  madder,  alkanet,  turmeric,  and 
many  other  vegetable  coloring  matters  are  absorbed.  The  gums  and 
pectin,  not  being  peptonized,  are  not  absorbed.  Poisons  are  sometimes 
rapidly  absorbed,  and  at  other  times  slowly.  Some  organic  poisons 
are  destroyed  by  the  liver,  while  others  are  not. 

Assimilation. — The  function  of  food  is  to  give  heat  and  cell- 
energy — mental,  nervous,  and  muscular.  The  ultimate  form  inwhichfood 
leaves  the  body  b  chiefly  as  H,0,  COj,  NHg,  uric  acid,  and  urea.  The 
intermediate  forms  and  products,  brides  those  of  animal  heat  and 
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motion,  are  as  yet  little  known.  Just  what  proportbn  of  the  food 
actually  enters  into  the  formation  of  the  tissues  before  undergoing 
oxidation,  and  how  much  of  it  is  oxidized  merely  to  furnish  heat,  has 
been  the  subject  of  dispute,  but  the  weight  of  evidence  now  seems  to 
be  that  no  protein  food  is  directly  oxidized. 

Liebig  divided  food  into  flesh-formers  and  heat-producers.  The 
nitrogenous  elements  he  termed  the  plastics,  or  flesh-formers.  We  now 
know  that  they  produce  heat  and  fat,  as  well  as  do  the  carbohydrates. 
Formerly  it  was  supposed  that  the  bkxxi  was  the  seat  of  oxidation  in 
the  body,  but  now  this  view  is  abandoned.  It  is  in  the  solid  tissues 
that  the  {Hindpal  oxidation  takes  place,  but  not  within  the  ceUs.  While 
it  is  probable  that  most  of  the  food  becomes  assimilated  and  takes  the 
place  of  the  tissues  which  are  disintegrated,  it  is  certain  that  not  all  of  the 
carbohydrate  food  taken  enters  into  the  composition  of  the  tissues,  or 
is  assimilated.  It  is  quite  probable  that  a  part  of  the  glucose,  at  least, 
undergoes  direct  combustion  in  the  capillaries  of  muscukr  tissue  during 
its  contraction. 

We  have  seen  that  the  proteins  are  absorbed  as  amino-adds,  con- 
verted into  serum-albmnin  and  serum-globulin,  during  or  inunediatdy 
after  absorption,  and  circulate  in  the  blood  and  lymph  in  this  form. 

By  slight  modifications,  which  only  slightly  modify  their  chemical 
composition,  but  also  their  physical  properties,  they  are  converted 
into  myosin,  casein,  ossein,  gelatin,  etc.,  to  suit  the  needs  of  the  different 
structures.  These  changes  are  due  in  many  cases  to  loose  combinations 
with  various  inorganic  salts. 

The  carbohydrates,  we  have  seen,  are  absorbed  in  the  form  of 
hexoses.  It  is  also  stated  by  some  authorities  that  a  small  quantity  of 
dextrin  and  cane-sugar  may  be  absorbed  from  the  stomach,  when  they 
enter  the  venous  circulation.  It  is  more  likely  that  dextrose,  when 
taken  with  food,  is  absorbed  here,  as  it  is  more  diffusible  than  eithor  of 
the  others. 

The  dextrose  which  is  absorbed  from  the  intestines  is  changed  by 
the  liver  mto  glycogen,  although  this  substance  is  also  prepared  from 
the  proteids  of  the  protoplasmic  tissues.  Glycogen  is  also  found  in 
many  organs  of  the  body,  as  in  the  fetal  placenta,  the  skin,  lungs,  kid- 
neys, muscles,  and  epithelium.  It  is  especially  abundant  in  the  muscles 
(0.4  to  0.8  per  cent.).  It  is  augmented  by  a  diet  rich  in  starch,  sugar, 
or  dextrin.    Dextrose  is  found  in  the  muscle-juice  as  well  as  in  the  blood. 

The  glycogen  of  the  muscles  accumulates  during  rqx>se,  but  disap- 
pears during  prolonged  work,  and  may  be  one  of  the  decomposition 
products  of  proteids. 

The  fats  are  absorbed  principally  as  soaps,  and  are  distributed 
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throughout  the  body.  The  animal  body  also  derives  fat  from  the  con- 
version of  sugar  or  glycogen,  and  from  the  destruction  of  proteids  of 
cell-protoplasm. 

The  diemical  processes  involved  in  the  appropriation  of  the  various 
food-substances  are  not  thoroughly  known;  but  by  some  sort  of  com- 
bination of  dead  circulating  proteid,  it  becomes  a  part  of  the  living  cell. 

The  most  important  tissue  of  the  body,  because  most  abundant,  is 
the  muscular.  Half  the  proteid  material  of  the  body  and  half  the  water 
exist  in  the  muscles. 

TisBoe  Equilibrium.~We  can  get  some  idea  of  the  use  of  foods  in 
the  animal  body  by  feeding  experiments  upon  animals,  and  striking  a 
balance-sheet  between  the  matter  taken  into  the  body  in  a  given  time, 
including  food,  drink,  and  air,  and  the  total  excretions,  including  urine, 
feces,  perspiration,  and  breath. 

The  following  table  will  illustrate  what  is  meant  by  such  a  balance 
sheet.  The  data  for  such  a  balance-sheet  can  only  be  obtained  by  use 
of  a  respiration  calorimeter: 

EXCHANGE  OF  MATERIAL  ON  ADEQUATE  DIET  (Ranke). 


Imcomx. 

Outgo. 

Food. 

Nrrmo- 

OtN. 

Car- 
bom. 

Nmo- 

OBM. 

Cai- 

BON. 

15.5 

•  > 

S3 
79 
93 

Urea,  31.5  gm \ 

Uric  add,  0.5  gm.,...  J 
Feces, 

144 
I.I 

Fat,  loosm^ 

Carbohydrate,  250  gm^  .. 

6.16 

10.84 
208.00 

Respiration  (CO^, 

Total 

15-5 

225 

Total, 

155 

225.00 

Relation  between  Proximate  Principles  of  Food.— It  has  been 
found  that  the  relation  between  carbon  and  nitrogen  in  our  food  should 
be  250  to  15,  or  16.6  to  i.  The  proportion  of  these  elements  in  proteids 
is  53  to  15,  or  3.5  to  I.  If  a  man  should  attempt  to  live  upon  lean  meat, 
he  must  consume  2  to  3  kilograms  (5  to  6  pounds)  of  beef  to  get  the 
requisite  amount  of  carbon.  This  quantity  would  contain  more  nitrogen 
than  the  body  needs,  and  more  than  can  be  easily  digested  or  oxidized  if 
absorbed,  and  more  than  the  kidneys  can  excrete.  This  overworking 
of  the  kklne3rs  would  tend  to  produce  chronic  inflammation,  and  the 
accumulation  of  nitrogen  would  tend  to  produce  gout  and  other  troubles. 

If  the  quantity  of  meat  be  adjusted  for  the  proper  amount  of  nitro- 


566  MEDICAL  CHEMISTRY. 

gen,  there  would  not  be  enough  carbon  and  hydrogen  to  supply  heat, 
and  the  body  would  lose  weight.  A  pure  meat  diet,  therefore,  can  not 
be  maintained  for  a  long  time  without  serious  injury. 

The  same  thing  is  true,  to  a  limited  extent,  with  carbohydrates  in 
the  form  of  cereals,  and  especially  in  the  flour  made  from  them.  By 
reference  to  the  table  on  page  552  it  will  be  seen  that  to  get  the  requisite 
nitrogen  in  wheat-bread,  1.3  kilograms  (2.8  pounds)  of  it  must  be 
eaten,  while  less  than  half  that  amount  would  furnish  the  carbon. 

In  the  practical  construction  of  a  diet,  we  first  take  enough  meat  to 
supply  sufficient  proteid,  and  then  supplement  this  with  sufficient  car- 
bohydrate and  fat  to  furnish  the  necessary  heat.  The  non-nitrogenous 
foods — i,  «.,  fats  and  carbohydrates — ^are  thus  termed  proteid-sparmg 
foods.  The  same  term  may  be  applied  to  gelatin,  as  this  is  its  chief 
value  as  a  food.  The  fats  and  carbohydrates,  especially  the  latter, 
oxidize  more  readily  than  the  proteids,  and  in  this  way  protect  the 
proteids,  as  well  as  the  fats,  from  loss.  The  fats  and  carbohydrates 
seem  to  be  able,  to  a  certain  extent,  to  replace  each  other  without  detri- 
ment. Fats  and  carbohydrates  are  both  manufactured  in  the  body 
from  proteids,  but  this  change  is  prevented  by  an  abundance  of  the 
former.  In  diabetes  mellitus  this  conversion  of  proteids  into  dextrose 
is  very  great,  and  with  consequent  rapid  loss  of  flesh  and  strength. 
Supplying  carbohydrates  does  not  then  spare  the  proteids.  Fats  are 
formed  in  the  body  from  the  proteids  of  the  tissues,  as  one  of  the 
retrograde  or  destructive  changes.  Hence  it  forms  as  a  step  in  degener- 
ations of  tissue.  Fats  are  also  stored  from  the  fat  taken  as  food,  or 
they  are  formed  from  carbohydrates. 

Food  Accessories. — By  food  accessories  are  meant  those  sub- 
stances taken  with  food,  such  as  alcohol,  condiments,  stimulants,  etc. 

Alcohol,  when  taken  in  moderate  amounts,  is  burned  in  the  body, 
and  gives  potential  energy.  One  gram  of  alcohol  in  burning  produces 
7.054  calories,  while  dextrin,  which  occurs  with  alcohol  in  malt  liquors, 
gives  4.1 17,  and  glucose  3.739.  These  substances  are  all  capable  of 
being  used  as  combustibles. 

While  alcohol  acts  as  a  producer  of  force,  it,  at  the  same  time,  can 
not  be  regarded  as  equal  to  the  carbohydrates.  Like  them,  it  spares 
the  nitrogenous  waste,  shown  by  its  power  of  diminishing  the  excre- 
tion of  urea.  In  large  quantities,  however,  it  increases  the  excretion 
of  urea,  with  the  destruction  of  nitrogenous  tissue.  In  this  respect  it 
behaves  like  certain  active  poisons,  as  arsenic  and  phosphorus.  Like 
these  poisons,  it  leaves  a  residue  of  fat  after  the  decomposition  of  the 
tissues,  and  may  lead  to  the  accumulation  of  fat  in  certain  organs. 

There  is  another  difference  between  the  action  of  the  carbohydrates 
and  alcohol,  and  that  is  in  the  local  irritant  action  of  the  latter  on  the 
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Stomach  and  other  internal  organs,  and  the  central  nervous  sjrstem. 
While  it  serves  to  produce  heat,  spare  the  proteids,  and  stimulate  the 
heart,  it,  at  the  same  time,  has  a  certain  injurious  action  upon  some 
of  the  tissues.  Its  paralyzing  action  upon  the  nervous  S3rstem  is  shown 
by  the  dilatation  of  the  capillaries,  giving  a  sense  of  warmth  in  cold 
weather.  This  dilatation  of  the  capillaries  favors  the  loss  of  heat  by 
radiation  and  the  lowering  of  the  general  temperature.  The  larger 
the  dose,  the  greater  its  paralyzing  effect  upon  the  nerves  controlling 
the  capillary  circulation,  and  the  greater  the  elimination  of  heat.  The 
effect  of  a  small  amoimt  of  alcohol,  well  diluted,  upon  digestion,  is  to 
assist  it.  The  continued  use  of  the  stronger  solutions  (whisky,  brandy, 
gin,  etc.)  produces  a  catarrhal  inflammation,  and,  when  used  in  excess, 
acute  gastritis.  The  appetite  very  often  either  fails  entirely,  or  is  singu- 
larly modified  to  crave  only  meats  as  a  diet.  This  leads  to  the  over- 
production of  urea  and  uric  acid,  with  gout,  rheumatism,  cystitis,  or 
nephritis.  Statistics  based  upon  observations  made  upon  thousands 
of  men  put  imder  the  same  conditions,  as  in  armies,  have  shown  that 
*'  soldiers,  in  war  or  peace,  in  all  climates,  in  excessive  heat  or  cold,  in 
rain  and  the  hardships  of  the  severest  marches,  endure  best  when  all 
alcoholic  drinks  are  withheld."    (A.  Baer.) 

We  must,  therefore,  regard  alcohol  as  an  expensive  food,  with 
certain  good  results  when  taken  in  reasonably  small  amoimt  and  weU 
diluted,  as  in  claret  and  beer;  but  when  taken  in  larger  quantity  it  acts 
as  a  poison,  which  mterferes  with  the  normal  metabolism,  increases 
nitrogen  waste,  and  perverts  the  function  of  digestion,  the  nervous  system, 
and  some  glandular  organs.  The  net  result  of  its  action  in  the  body,  when 
taken  in  considerable  quantities,  is  injurious.  It  has  been  estimated 
that  the  human  body  can  bum  about  two  fluidounces  of  absolute  alcohol 
per  day.  This  will  represent  about  4  to  5  ozs.  of  whisky  or  brandy,  10 
ozs.  of  sherry  or  port  wine,  20  ozs.  of  claret,  champagne,  porter,  or  Bass's 
ale,  or  40  to  60  ozs.  of  American  beers. 

Tea,  coffee,  mat^,  and  cocoa  are  used  principally  as  cardiac  and 
nerve-stimulants.  The  first  three  owe  their  stimulant  properties  to 
caffeine  (trimethyl-xanthin) ;  cocoa  to  the  related  alkaloid,  theobromine 
(dimethyl-xanthin).  It  is  noteworthy  that  all  people  in  all  climates 
make  use  of  some  plant  that  contains  these  or  similar  alkaloids.  The 
most  of  the  caffeine  so  taken  is  destroyed,  but  when  the  amount  taken 
reaches  0.5  gm.  (8  grs.)  a  portion  of  it  passes  into  the  urine. 

A  cup  of  coffee,  according  to  Bunge,  contains  about  o.i  gm.  caffeine, 
and  about  the  same  amount  is  contamed  in  from  2  to  10  gm.  of  dry  tea- 
leaves.  Coffee  has  littie  influence  upon  the  excretion  of  urea,  and 
does  not,  therefore,  act  injuriously  unless  taken  in  doses  sufficient  to 
oversttmulate  the  nervous  system.    It  does,  however,  sometimes  act 
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injuriously  upon  stomach  digestion.  The  same  may  be  said  of  tea  and 
cocoa.  Chocolate  is  not  ocdy  a  stimulant,  but  a  rich  food.  It  con- 
tains about  half  its  weight  of  fat,  and,  besides,  about  li  per  cent  of 
nitrogenous  matter.    It  is,  therefore,  a  concentrated  food. 

Beef-tea  and  beef-extracts  owe  their  value  to  the  extractives, 
which  are  stimulants  and  appetizers.  Some  have  regarded  the  in- 
organic salts  as  having  a  large  share  in  their  refreshing -effects.  They 
have  little  food  value.  The  gelatin  contained  in  soups  and  beef-tea 
saves  the  waste  of  nitrogenous  tissue  during  fever,  and  thus  retards  the 
loss  of  strength,  but  does  not  add  to  the  construction  of  tissue  or  blood. 
Munk  states  that  loo  parts  by  weight  of  gelatin  is  equal  to  36  parts  by 
weight  of  albumin,  or  173  parts  of  musde.  It  can,  therefore,  partly 
spare  the  body  the  necessity  of  using  up  its  tissues  during  illness,  but 
can  not  entirely  take  the  place  of  proteins.  It  b,  therefore,  a  valuable 
proteid-saver.  It  is  also  a  fat-sparer,  but  not  as  valuable  for  thi^  pur- 
pose as  the  carbohydrates.  A  part  of  the  value  of  meat-soups  and  beef- 
teas,  made  in  the  usual  way,  is  in  the  gelatin  they  contain.  Liebig's 
extract  and  similar  preparations  owe  &eir  effects  principally  to  &e 
extractives,  creatin,  xanthin,  hypoxanthin,  camin,  lactic  acid,  gelatin, 
and  inorganic  salts.  They  contain  about  78  per  cent,  of  solid  matter,  of 
which  about  60  per  cent,  consists  of  organic  matters,  principally  composed 
of  these  bases,  and  18  per  cent,  of  salts. 

Condiments^  such  as  pepper  and  other  ^ices,  are  useful  only  as 
means  of  whetting  the  appetite.  They  probably  act  by  mildly  irritating 
the  mucous  membranes,  causing  an  increased  flow  of  the  digestive  juices. 

The  Source  of  Muscular  Energy*— We  have  heretofore  q)oken 
of  the  oxidation  or  burning  of  the  food  in  the  body  as  the  source  of  all 
heat,  muscular  power,  and  nervous  energy.  We  have  also  seen  that 
the  food  does  not  bum  as  such,  but  it  supplies  the  place  of  tissue  that 
has  burned,  and  thus  maintains  the  equilibrium.  When  the  body 
neither  loses  nor  gains  weight,  there  is  just  as  much  food-material  con- 
verted into  tissue  as  there  is  tissue  destroyed. 

The  action  of  the  food  may  be  roughly  illustrated  by  a  tube  open  at  both  ends 
and  filled  with  marbles.  If  we  push  a  marble  in  at  one  end,  one  is^pushed  out  at  the 
other.  If  two  or  three  are  put  m,  two  or  three  are  pushed  out.  The  marbles  that 
are  pushed  out  are  equal  in  number,  kind,  and  weight  to  those  pushed  in,  but  are  not 
the  same  marbles.  So  the  food  enters  the  tissues  on  one  side  and  crowds  out  waste 
products  on  the  other.  When  more  food  is  taken,  more  waste  is  crowded  out  and 
excreted. 

The  chaises  that  are  observed  when  a  muscle  contracts  are,  at 
first,  an  elevation  of  temperature,  an  increase  in  the  circulation  in  the 
muscle,  brought  about  by  a  dilatation  of  the  capillaries,  and  an  acid  re- 
action of  the  muscular  tissue  from  sarcolactic  acid.    The  elevation  of 
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temperature  is  nearly  proportional  to  the  energy  of  the  contraction,  or 
the  work  done  by  the  muscle. 

It  has  been  demonstrated  that  the  muscle-glycogen  diminishes 
rapidly  during  the  contractions,  and  gradually  accumiUates  when  the 
muscle  is  in  repose;  also  that  the  glucose  disappears  from  the  blood 
flowing  through  a  muscle  when  at  work.  Chauveau  showed,  by  anal- 
ysis of  the  blood  entering  and  leaving  the  masseter  muscle  of  a  horse: 

First.  That  the  amount  of  blood  traversmg  a  muscle  is  2^  to  3  times 
more  diuing  work  than  during  repose. 

Second.  The  oxygen  consumed  by  1000  gm.  of  muscle  and  the 
CO,  formed  are  3^  times  as  much  during  work  as  during  repose. 

Third.  That  the  glucose,  which  disappears  from  the  blood  in  passing 
through  the  muscle  in  a  half-hour,  is  3^  times  as  much  during  work 
as  during  the  same  time  in  repose. 

At  the  same  time  the  glycogen  largely  disappears  from  the  muscle. 

The  greater  part  of  the  real  energy  of  a  muscle  comes  from  the  oxi- 
dation of  glucose,  or  glycogen. 

A  part  of  these  bodies  is  changed  into  lactic  acid,  and  a  small  amount 
of  nitrogenous  waste  takes  place,  with  the  formation  of  fat,  creatin, 
and  other  leucomaines  which  accumulate  in  the  muscle. 

Urea  and  uric  add  are  not  increased  in  proportion  to  muscular  work, 
but  the  myosin  and  globulin  seem  to  slighdy  diminish,  and  are  probably 
converted  into  creatin,  fat,  etc.  The  principal  force  for  the  produc- 
tion of  work  comes  from  the  oxidation  of  fats  and  carbohydrates.  This 
explains  why  the  urea  excreted  is  not  in  proportion  to  the  work  per- 
formed by  a  man.  The  accumulation  of  leucomaines  and  the  ex- 
haustion of  glycogen  are  the  chief  causes  of  fatigue. 

It  has  b^n  shown  that  a  laborer  who  works  ten  hours  a  day  must 
have,  to  keep  his  body  in  a  good  state  of  health,  over  and  above  that 
necessary  for  a  state  of  idleness,  the  following  amounts  of  nourishment 
(Gautier): 

42  gm.  of  albuminoids,  giving  163  calories  of  heat, 
la    "    "  fat  "      loa      "  " 

160    «    "  carbohydrates,  "  _623      " 
Total,    958      " 

From  this  it  appears  that  81  per  cent,  of  the  work  done  by  the 
laborer  comes  from  the  burning  of  the  fats  and  carbohydrates,  and 
19  per  cent,  from  the  proteids,  which  latter  must  be  replaced,  molecule 
for  molecule,  by  food. 

The  43  gm.  of  proteids  consumed  as  food  ought  to  produce  14  gm.  of 
urea,  if  entirely  consumed  and  excreted  in  this  form.  In  fact,  only  about 
one-sixth  of  this  amount  is  obtained.  There  is,  then,  but  a  very  small 
increase  in  urea  excreted  during  work  over  that  excreted  in  idleness. 
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Fick  has  demonstrated  that  about  33  or  34  per  cent,  of  the  total  in- 
tramuscular combustion  appears  in  the  form  of  muscular  work,  while 
the  remainder  is  thrown  off  as  heat.  This,  indeed,  is  the  principal 
source  of  animal  heat.  Helmholtz  estimates  that,  of  the  total  heat  pro- 
duced by  oxidation  in  the  body,  only  about  7  per  cent,  is  represented 
by  mechanical  work  and  74  per  cent,  b  radiated  from  the  skin,  and 
the  remaining  19  per  cent  is  diminated  by  the  lungs,  urine,  and  feces. 

DIOESnON. 

Digestion  has  for  its  object  the  preparation  of  food  for  the  nourish- 
ment of  the  tissues.  There  is  an  external  and  an  interstitial  digestion. 
External  digestion  is  the  preparation  of  the  fopd  for  absorption;  in- 
terstitial digestion  is  the  more  hidden  process  by  which  the  food  in 
the  interior  of  plants  and  animab  is  modified  and  made  available  for 
nutrition.  External  digestion  is  illustrated  by  the  manner  in  which 
certain  lower  animals  take  their  food,  as,  for  example,  the  ameba, 
which  rolls  itself  about  its  food,  extracts  the  nutriment,  and  unrolls  to 
allow  the  dftris  to  escape.  In  the  Venus  fly-trap  we  have  an  example 
of  the  same  process  in  plants.  The  alimentary  canal  is  a  prolongation 
of  the  skin,  and  may  therefore  be  considered  as  being  outside  of  the 
body. 

Reserves  of  food  are  such  portions  as  are  stored  up  in  the  bodies  of 
plants  and  animak  for  future  use,  such  as  fat  and  glycogen  in  animals, 
and  starch  and  sugar  in  plants. 

Digestion  is  carried  on  by  means  of  soluble  ferments  or  enzymes, 
which  have  already  been  described. 

The  Saliva.^The  first  fluid  to  which  aliments  are  subjected  is  the 
saliva.  The  saliva  is  the  combined  secretion  of  the  parotid,  sub- 
maxillary, and  sublingual  glands,  mixed  with  mucus  from  the  mucous 
membrane  of  the  mouth.  It  is  a  slightly  turbid,  viscid,  frothy  fluid, 
without  taste  or  odor,  slightly  alkaline  in  reaction,  and  of  a  sp.  gr. 
from  1002  to  1008.  It  contains  about  0.5  per  cent,  of  solids,  of  which 
0.3  per  cent,  is  salts,  and  the  rest  ptyalin,  globulin,  serum-albumin, 
mucm,  and  salivary  corpuscles. 

Mixed  Saliva — Human. 

(jAcuBOwmcB.)  (Hammekbacrbk.) 

PiR  CzHT.  Pbe  Cent. 

Water, 99.51  99.42 

Solids, 0.48  0.58 

Soluble  organic  bodies  (pt3ralin,  etc.), o.  1 3  o.  14 

Epithelium, 0.16  o.aa 

Inorganic  salts, 0.182  o.aa 

Potassium  sulphocyanate,... 0.006  aoo4 

Potassium  and  sodium  chlorides, 0.084 
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The  alkaline  reaction  is  due  to  the  presence  of  alkaline  carbonates 
and  phosphates.  The  alkalinity  dififers  in  different  individuals,  and 
in  the  same  individual  at  different  times  in  the  day,  and  may  become 
neutral  or  acid  without  disturbance  of  health,  especially  between  meals. 
Pathologically,  it  may  become  more  alkaline,  or  even  decidedly  acid. 
The  salts  present  are  HNaCO,,  Na,CO„  KCl,  NaCl,  KCyS,  Na^O^, 
the  sulphates  and  phosphates  of  calcium  and  magnesium,  ammonium 
nitrate,  and  sometimes  urea.  It  contains  free  O,  N,  and  CO,  in  solution. 
It  is  richer  in  CO,  than  blood.  On  exp)osure  to  the  air  the  CO,  escapes, 
when  CaCO,  and  Ca,(P04),  are  precipitated  on  the  teeth,  giving  rise  to 
the  deposit  known  as  "  tartar." 

The  parotid  secretion  is  dear  and  watery,  rich  in  ptyalin  and  poor 
in  mucus.  The  sublingual  is  richest  in  ptyalm,  is  strongly  alkaline, 
is  viscid,  and  traces  of  diolesterin  and  fat  have  been  found  in  it  The 
submaxillary  is  more  alkaline  than  the  parotid,  is  rich  in  corpuscles  and 
mucus,  but  poor  in  ptyalin.  The  saliva  is  increased  by  the  stimulation  of 
certain  nerves,  or  by  the  irritation  of  pq>per,  alkalies,  and  food,  or  even 
the  thought  of  food.  The  saliva  of  irritation  b  alkaline,  and  contains 
little  or  no  ptyalin.  The  secretion  is  increased  in  quantity  by  pilocar- 
pine and  eserine,  but  diminished  by  atropine.  In  the  saliva  of  the  new- 
bom,  only  that  secreted  by  the  parotid  contains  ptyalin,  while  it  appears 
in  the  submaxillary  after  about  two  months. 

Uses. — ^The  saliva  moistens  and  lubricates  the  food  and  converts 
starch  and  glycogen  into  soluble  starch,  dextrin,  and  maltose.  One 
of  its  most  important  uses  is  to  liquefy  the  contents  of  the  stomach  by  its 
solvent  power  upon  the  starchy  elements.  The  saliva  acts  best  in  a 
neutral  or  faintly  acid  solution,  if  the  acidity  be  due  to  organic  acids. 
It  does  not  act  in  the  presence  of  free  HCl,  or  HCl  and  pepsin.  Its 
activity  b  increased  by  small  quantities  of  NaCl,  Na,S04  (0.4  per  cent.), 
NH4CI,  CO„  acetate  of  quinine,  strychnine,  and  morphine.  Tea  has 
an  intense  inhibitory  effect,  coffee  and  cocoa  very  little  effect  The 
saliva  becomes  more  alkaline  in  very  acid  conditions  of  the  gastric 
juice,  and  even  more  abundant,  giving  the  disease  known  as  pyrosb,  or 
water-brash.  The  saliva  acts  very  feebly  on  uncooked  starch.  A 
peptone-forming  ferment  has  been  found  m  the  saliva. 

The  Gastric  Juice. — ^The  gastric  juice  b  a  thin,  transparent,  faintly 
yellow,  acid  fluid,  of  sp.  gr.  looi  to  loio.  It  contains  from  0.5  to  i  per 
cent,  of  solids,  of  which  two-thirds  or  less  b  organic  matter.  The 
pyloric  end  of  the  stomach  secretes  the  alkaline  fluid,  or  succus  pylori- 
CU89  which  b  said  to  convert  starch  into  sugar,  and  to  digest  albumin 
when  acidified  with  HCl,  and  to  dissolve  gelatin.  The  thick,  slimy 
secretion  of  the  stomach,  in  a  state  of  rest,  b  neutral  or  even  alkaline. 
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The  nonnal  secretion  of  the  stomach  is  a  mixture  of  these  fluids.    Its 
composition  is  as  follows: 

Analysis  of  Gastric  Juice  (Human)  Mixed  with  Some  Saliva  (C.  Schmidt) 

Pes  Cent. 

Water, 99*44 

Solids, 0.56 

Organic  substances  (pepsin  and  peptones), 0.3a 

Free  hydrochloric  add, 0.25 

Sodium  chloride, 0.14 

Potassium  chloride, 0.05 

Calcium  chloride, 0.006 

Phosphates  of  lime,  magnesia,  and  iron, 0.015 

The  acidity  of  the  gastric  juice  of  some  of  the  lower  animals,  es- 
pecially the  dog,  is  greater  than  that  of  man.  In  the  dog  it  is  nearly 
six  times  that  of  man;  in  the  fish  it  may  even  be  seven  times  as  much 
as  that  of  man.  The  organic  matter  present  is  chiefly  pepsin  and  a  little 
mucin,  and  amounts  to  about  0.3  per  cent.  The  acidity  of  the  gastric 
juice  is  chiefly  due  to  hydrochloric  acid,  acid  salts,  and  organic  acids. 
The  organic  acids  are  chiefly  lactic  and  butyric,  with  occasionally  acetic 
These  are  not  secreted  in  the  gastric  juice  itself,  but  are  produced  partly 
by  the  decomposition  of  their  salts  in  the  foods  taken,  and  partly  by 
fermentative  action;  so  that  in  the  earlier  stages  of  digestion  the  acidity 
is  chiefly  due  to  organic  acids,  but,  in  the  later  stages  of  digestion,  chiefly 
to  hydrochloric  acid,  which  is  present  in  quantities  varying  from  o.i  to 
0.4  per  cent. 

The  HCl  is  probably  produced  by  one  of  the  following  reactions: 

I.  aNa^PO^  +  3CaCl,  -  Ca,(POJ,  +  aHCl  +  4NaCl. 
a.  CO,  +  aNaCl  +  H,0  -  Na,CO,  +  aHCl. 

Some  physiologists  think  that  the  HCl  in  the  gastric  juice  is  in 
combination  with  some  of  the  amino-bodies,  as  leucin  or  tyrosin,  which 
are  found  in  all  glands.  Liebermann  claims  that  there  exists  an  acid- 
reacting  compound  of  lecithin  and  albumin,  always  found  in  the  mu- 
cous membrane  of  the  stomach,  which  takes  up  the  Na^CO,  of  the 
second  or  the  NaHCO,  of  the  third  reaction  given  above.  The  com- 
pound thus  formed  gradually  sets  free  the  Na,CO„  which  passes  into 
the  blood.  Besides  HCl  and  the  organic  acids  above  spoken  of,  the 
gastric  juice  contains  ferments,  two  of  which  are  of  special  interest — 
namely,  pepsin  and  rennin,  which  have  been  described  elsewhere. 
There  exist  also  in  the  stomach,  at  times,  certain  gases,  eq)ecia]ly  CO,, 
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O,  Ny  H,  and  CH4.  It  is  evident  that  these  gases  are  the  result  of 
the  microbial  fermentation  of  aliments. 

Action  of  the  Gastric  Juice. — ^The  gastric  juice  acts  especially 
upon  the  proteins.  It  modifies  them  by  transforming  diem  success- 
ively into  S3mtonin,  or  acid  albumin,  then  into  propeptones  or  albu- 
moses,  and  partially  into  peptones.  These  compounds  have  already  been 
described.  During  digestion  a  part  of  the  HCl  only  is  in  die  free  state, 
while  a  part  of  it  is  in  combination  with  the  proteins,  in  the  state  of  acid- 
albumin. 

The  phenomena  of  gastric  digestion  are  the  liquefaction  of  the 
starchy  pc^ons  of  the  food  and  the  hydrolysis  of  die  proteins  and 
breaking-up  of  these  molecules  into  simpler  ones.  The  peptones  are 
richer  in  H  and  O  dian  the  protein  bodies  from  which  diey  were  pro- 
duced. 
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The  application  of  chemical  and  microscopic  methods  to  the  exami- 
nation of  the  contents  of  the  stomach  has,  in  recent  times,  become 
an  important  aid  in  the  diagnosis  of  diseases  of  the  stomach.  The 
clinical  examination  of  the  stomach  and  its  contents,  for  diagnostic 
purposes,  generally  includes  an  estimation  of  the  rapidity  of  absorp- 
tion, the  motility,  the  reaction,  and  acidity  of  the  gastric  juice;  the 
determination  of  the  kmd  and  amount  of  acids  present;  an  examina- 
tion for  syntonin,  albumose,  and  peptone;  the  determination  of  the 
digestive  activity,  and  a  microscopic  examination  of  the  stomach 
contents. 

Test  Meals. — ^The  stomach  contents  for  examination  are  obtained 
as  follows:  The  usual  method  is  to  administer  to  the  patient,  on  an 
empty  stomach,  an  ordinary  dry  roU  and  a  definite  quantity — say, 
300  C.C.,  or  abcnit  |  of  a  pint — of  fluid,  either  simple  warm  water  or 
wealc  tea  without  milk  or  sugar.  The  roU  should  be  of  a  tolerably 
uniform  weight  of  about  35  gm.,  or  540  grs.  Such  rolls  contain  about 
7  per  cent,  of  proteids,  0.5  per  cent,  of  fat,  0.4  per  cent,  of  dugar,  52.5 
per  cent,  of  non-nitrogenous  matter,  and  about  i  per  cent,  of  ash. 

The  test-meal  may  consist  of  oatmeal  or  barley,  cooked  in  water  and 
flavored  with  a  little  salt,  and  a  glass  of  water.  About  one  hour  after 
taking  the  test-breakfast  the  stomach-tube  is  inserted,  and  that  which 
remains  in  the  stomach  is  drawn  ofl.  The  amount  obtained  should 
be  about  40  cc,  or  1}  oz.  A  greater  variation  than  15  to  20  c.c.  in 
either  direction  ^ould  be  regarded  as  pathological. 

Method  of  Drawing  Out  the  Contents  of  the  Stomach  for 
Chemical  and  Microscopic  Examinations.— The  contents  of  the 
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Stomach  are  usually  drawn  ofF  about  one  hour  after  the  person  has 
taken  one  of  the  above  test-breakfasts.  This  is  accomplished  by  the 
stomach-tube,  or  by  causing  the  patient  to  vomit.  The  first  of  these 
methods  is  always  to  be  preferred.  Place  the  patient  in  a  sitting  posi- 
tion, dip  the  rounded  end  of  the  elastic  stomach-tube  in  warm  water,  hold 
it  about  six  inches  from  its  extremity,  and^  as  the  patient  opens  his  mouth, 
pass  it  to  the  back  of  his  throat,  and  ask  him  to  swallow.  As  he  does  so, 
pass  the  tube  gently  but  rapidly  into  the  esophagus,  and  onward  to  the 
stomach.  If  the  gastric  contents  do  not  run  out  as  soon  as  the  outer  end 
of  the  tube  is  lowered,  cause  the  patient  to  compress  the  abdomen  and 
cou^  or  retch,  when  it  wiU  cause  the  contents  to  run  out. 

Examination  of  Stomach  Contents* — Observe  the  quantity, 
the  consistency,  color,  amount  of  mucus,  and  odor.  Note  any  frag- 
ments of  former  meals,  if  such  be  present,  or  fragments  of  gastric  mem- 
brane or  blood.  Fragments  of  membrane  should  invariably  be  ex- 
amined under  the  microscope,  for  evidences  of  organic  disease.  Filter 
the  stomach-fluid,  and  preserve  the  solid  portion  for  further  examina- 
tion. The  following  chemical  tests  should  be  carried  out  on  the  dear 
filtrate  as  soon  as  possible.  The  following  order  of  tests  will  be  the  most 
convenient: 

I.  Reaction.  8.  Presence  of  rennin  or  milk-cur- 
a.  Qualitative  test  for  free  HCl.  dling  ferment. 

3.  Estimation  of  total  acidity.  9.  Presence  of  starch,  dextrin,  and 

4.  Estimation  of  free  HCl,  combined  maltose. 

HCl,  and  acid  salts.  10.  Presence   of  proteids   and   their 

5.  Presence  of  lactic  add.  nature. 

6.  Total  organic  acids.  11.  Microscopic  examination  of  the 

7.  Presence  of  pepsin  and  its  activity.  sediment. 

Reaction. — The  normal  reaction  of  gastric  juice  is  decidedly 
acid,  and  the  acidity  b  due  to  HCl,  acid  salts  (H^aPOJ,  and 
organic  acids,  or  carbonic  acid.  Lactic  acid  is  usually  present  after 
an  ordinary  meal,  but  after  the  oatmeal  test-breakfast  it  is  usuaUy 
absent,  except  in  carcinoma.  There  are  two  sources  of  lactic  acid 
— one  from  fermentation  of  the  contents,  especially  liable  to  occur 
when  the  motor  function  of  the  stomach  is  deficient  and  the  food  is 
retained  longer  than  usual;  the  other,  sarcolactic  acid,  introduced  with 
meats  and  other  articles  of  diet.  Butyric  and  acetic  acids  due  to 
these  fermentations  are  occasionally  found  in  the  stomach  contents. 
The  reaction  of  the  fluid  is  determined  with  litmus  paper.  Unsized 
paper  stained  with  other  coloring  matters  may  be  used.  The  following 
table  gives  the  coloring  matters  and  reagents  most  frequently  used  in 
the  examination  of  gastric  fluid,  with  indications: 
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Namb  op  Color. 


SOLVBNT. 


COLOK 
WITH 

Acids. 


COLOK 
WITH 

Alkaubs. 


Rbacts 


Dbgkbs 
OF  Sbnsi* 

T1VSNB8S. 


Phenolphthaleiii, 

Conco-redy  ••••.••... 

TropeoUn, 

Litmus, 

Dimethyl-ftinido-ssobetiaaiM,  . 
Alixsiin-snlpbonste  of  sodinm, 

Boss'  Rcsordn  Solution,  .  .  . 

[Resorcia,  5  no. :  csne^assr. 
ai^in.;  skobol  (95  percent.), 
100  C.C.] 


Gnnzborr's  Solntioo, 

[Phlorocincin,  a  gm. ;  rsnillin, 

I  gm, ;  slcohol  (95  per  cent.), 

soocc] 


Alcohol,  I 

percent. 

Water, 

X  per  cent 


Wster. 

Wster. 

Alcohol,  0.5 
percent. 
Water,  i 
per  cent. 

Alcohol. 


AkoboL 


ColorleM. 
Blue. 

Deep  Red. 

Red. 

Cherry 

Red. 

Yellow. 

Pink. 


Pink. 


Phikor 

Red. 

Wine  Red. 


Yellow. 

Bine. 

Yellow. 

Violet. 

Colorlses. 


Uffht 
Brown. 


All  scida. 

Free  adds 
only. 


AUsdds. 

AUsdds. 

Free  min- 
eral acids. 
Free  acids 
and  acid 

salu. 
Free  min- 
eral adds. 


Free  min- 
eral adds. 


Veryi 

tive. 
HCI-0.X  in 
1000.    I^ac- 
tic— o.a  in 

1000. 
Ha»o.3  in 

XOQO. 


Veryi 
tive. 
HCl»o.o3 


HQ— 0.0s 
in  1000. 


Ha»-o.os 
in  1000. 


These  coloring  matters,  when  used  to  indicate  the  reaction  of  a 
liquid,  are  called  indicators. 

Some  of  them,  as  litmus,  congo-red,  dimethyl-amido-azobenzene,  and 
benzopurpurin,  are  frequently  used  in  the  form  of  strips  of  filter-paper 
colored  with  the  dye  and  dried.  Litmus  paper  is  reddened  by  all  acids 
and  acid  salts.  Congo-paper  turns  blue  in  presence  of  all  free  acids, 
and  dimethyl-amido-azobenzene  is  reddened  by  free  mineral  acids  only. 
By  testing  the  filtered  gastric  contents  successively  with  paper  colored 
with  these  three  colors,  we  may  determine  whether  it  be  acid,  with  litmus; 
whether  the  acidity  be  from  a  free  acid,  with  congo-red;  and  whether 
from  free  HCl,  with  azobenzene-paper.  When  the  congo-paper  is  blued 
by  the  solution,  showing  free  acid,  and  the  paper  is  warmed  gently  over  a 
fiame,  the  blue  color  is  discharged  when  it  is  due  to  volatile  organic  acids 
alone,  but  remains  blue  if  it  has  been  produced  by  hydrochloric  acid.  We 
may  confirm  the  presence  of  HCl,  if  it  is  thought  necessary,  by  the  solu- 
tion of  Boas  or  that  of  Giinzburg.    These  solutions  are  used  as  follows: 

A  few  drops  of  the  solution  are  spread  out  in  a  thin  layer  upon  a  porcelain  dish 
or  slab,  which  is  then  gently  heated^  and  a  drop  of  the  solution  to  be  tested  is  allowed 
to  flow  across  it,  or  a  glass  rod  dipped  in  the  solution  is  drawn  across  the  plate.  li 
free  hydrochloric  add  be  present,  a  deep  scarlet-red  streak  is  developed.  If  the  acid 
be  very  weak,  no  chan^  is  observed  until  the  solution  evaporates  entirely  to  dry- 
ness: blowing  on  the  dish  will  cause  the  red  streak  to  appear  more  rapidly.  With 
ihh  test  it  is  unnecessary  even  to  filter  the  gastric  contents.    This  test  is  not  aimii- 
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lated  by  the  proteids,  nor  is  it  interfered  with  b^  acid  salts,  i£  oresent  in  the  usual 
proportions,  nor  by  organic  acids.  Its  delicacy  is  such  that  it  snows  i  part  of  HCl 
m  aOfOOO  parts  of  water.  GUnzburg's  solution  undergoes  deterioration  on  expo- 
sure to  light  and  should  be  kept  in  a  dark  place  or  m  a  black  bottle,  and  ne- 
quently  renewed.     For  this  reason  the  resordn  solution  is  to  be  preferred* 

Detection  of  the  Organic  Acids. — ^The  organic  acids  likely  to  be 
found  in  the  stomach  are  acetic,  butyric,  lactic,  carbonic,  and  traces  of 
acids  of  fruits  and  vegetables.  There  are  two  lactic  acids  met  with  in  the 
stomach — sarcolactic  acid  and  fermentation  lactic  acid.  Sarcolactic 
acid  is  formed  in  the  stomach  ^m  meat  taken  as  food;  the  other  lactic 
acid  may  be  formed  by  fermentation.  A  very  simple  and  rapid  test  for 
clinical  purposes  is  that  of  UfFelmann*  Diluted  solutions  of  ferric 
chloride  turn  canary-yeUow  in  the  presence  of  lactic  acid. 

Uflfelmann's  test  is  as  follows:  A  few  drops  of  a  dilute  neutral  solution  of  ferxk 
chloride  are  mixed  with  two  drops  of  pure  carbolic  acid,  and  water  added  until  the 
solution  assumes  a  beautiful  amethyst-blue  color.  A  few  drops  of  a  i  :  aooo 
solution  of  lactic  add  instantly  change  the  color  to  yeUow.  The  delicacy  of  the 
reaction  is  verv  great  Lactates,  as  well  as  free  lactic  acid,  unfortunately,  produce 
this  yellow  color.  It  is  said  that  alcohol,  sugar,  and  certain  salts  can  produce  the 
same  color.  The  test  becomes  certain  if  we  first  extract  the  organic  acid  from  the 
gastric  contents  with  ether,  and  apply  the  test  to  the  residue  left  on evaporatingaff 
the  ether.  Acetic  and  bu^ric  acids  can  usually  be  detected  by  the  odor.  The 
odor  of  acetic  acid  is  usually  unmistakable.  It  may  also  be  detected  by  the  iise 
of  ferric  chloride,  with  which  it  gives  a  red  color.  Butyric  acid  changes  Ufifehnann's 
reagent  to  a  tawny,  reddish  color,  and  this  only  occurs  when  it  is  present  in  over  5 
parts  per  1000.    Alcohol  is  found  only  in  cases  of  yeast  fermentation. 

Estimation  of  Total  Acidity.— The  acfdity  of  the  gastric  contents 
during  digestion  is  made  up  of  free  HCl,  free  organic  acids,  acid-albu- 
mins, consisting  of  a  loose  combination  of  HCl  and  organic  acids  with 
the  proteids  of  the  food,  and  acid  salts,  chiefly  acid  sodium  phosphate, 
NaHjPO^. 

The  quantitative  estimation  of  the  total  acidity  is  best  accom- 
plished as  follows: 

To  10  c.c.  of  the  filtered  fluid,  accurately  measured  into  a  beaker,  three  drops  of 
a  one  per  cent,  solution  of  phenolphthalein  is  added,  and  enough  —  NaOH  solution, 

accurately  measured  from  a  burette,  to  produce  a  permanent  pink  coknr.  After  the 
addition  of  a  few  cubic  centimeters  of  the  declnormal  soda  solution,  a  lisht  rose 
color  appears,  which  should  not  be  mistaken  for  the  end  reaction.  The  finalchange 
of  color  is  produced  by  a  single  drop  of  the  alkali,  and  hence  the  addition  should  be 
made  drop  by  drop  near  the  end.  Near  the  completion  of  the  test,  each  drop  will 
produce  a  pink-red  cloud  as  it  falls  into  the  liquid,  which  will  disappear  on  gently 
mixing  the  contents  of  the  beaker  by  a  rotary  motion. 

Estimation  of  the  Hydrochloric  Acid.—Many  methods  have 
been  devised  for  the  estimation  of  the  free  hydrochloric  acid,  some  of 
which  are  complicated  and  troublesome,  while  others  are  comparatively 
simple  and  require  little  skill.    Simplicity  of  manipulation,  reason- 
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able  accuracy  of  results,  and  a  small  consumption  of  time  are 
prerequisites  of  a  good  clinical  method. 

Tttpler^t  Method.— TOpfer's  method  of  estimating  free  and  combined  HCl  is 
simple  and  easy  enough  to  be  adopted  as  the  best  chnical  method.  It  requires 
three  separate  titrations,  practised  upon  three  portions  of  lo  c.c.  each,  usins 
three  different  indicators.  Three  portions  of  lo  c.c.  ei^  are  accurately  measured 
into  three  small  beakers.  In  No.  i  phenolphthalein  is  used  as  an  indicator,  and 
the  end  reaction  gives  the  total  addi^,  as  described  above.  In  No.  a  dimethyl- 
amido-azobenzene  is  used  as  the  indicator,  which  reacts  only  with  free  HCl.  In 
No.  X  alizarin-sulphonate  of  sodium  is  used  as  the  indicator,  which  reacts  with  all 
the  elements  of  the  acidity  except  acid  albimiins.  The  total  acidity  is  estimated 
in  No.  I,  the  free  HCl  in  No.  2;  the  combined  HCl  is  found  by  deducting  the 
number  of  c.c.  used  in  No.  3  from  that  used  in  No.  i ;  and  the  organic  adds  and 
add  salts,  together,  are  found  by  deducting  the  s\mi  of  the  free  and  combined  HCl 
from  the  result  of  the  titration  of  No.  i. 

Owing  to  the  difficulty  of  an  inexperienced  eye,  in  detecting  the 
correct  shade  of  violet  in  No.  3,  T6pfer  recommends  that  a  one  per 
cent,  solution  of  Na^CO,  be  colored  with  the  sodium  alizarin-sulphonate 
solution,  and  this  used  for  comparison,  the  color  of  this  solution  being 
imitated  in  the  titration.  The  neutral  tint  is  more  nearly  obtained  in  a 
one  per  cent,  solution  of  sodium  phosphate. 

The  above  methods,  after  a  little  expmence,  give  reliable  results 
for  clinical  purposes,  and  require  little  skill  in  the  manipulation. 

Method  of  GUnzburg  and  Boas.— When  the  estimation  of  organic 
acids,  to  be  described  below,  requires  the  addition  of  three  or  more  c.c. 
of  decinormal  NaOH  solution  for  10  c.c.  of  the  fluid,  it  will  be  best  to 
confirm  the  above  by  a  titration  with  the  resorcin  solution  of  Boas,  or  the 
phloroglucin  solution  of  Giinzburg. 

The  reagents  of  Boas  and  Giinzburg  give  the  same  indications,  and 
are  used  in  the  same  way: 

To  10  C.C.  of  the  filtrate  from  the  gastric  contents  add  —  NaOH  until  a  drop  of 
the  solution,  removed  on  the  end  of  a  glass  rod  and  evaporated  on  a  white  surface 
with  the  resorcin  solution,  fails  to  give  a  pink  color.  A  piece  of  white  *^  milk  glass  " 
answers  very  well  for  this  purpose.  A  few  drops  of  the  indicator  are  spread  over 
the  glass  and  dried  at  a  gentle  heat.  In  performing  the  titration,  a  drop  of  the 
solution  is  removed  on  a  tSus  rod  and  drawn  across  the  plate  and  the  plate  wanned 
over  a  naked  flame.  Bu>wing  upon  the  streak  as  it  evaporates  hastens  the  ap- 
pearance of  the  color. 

The  estimation  of  the  free  and  combined  acids  and  acid  salts 
may  be  made  by  Leo's  process.  This  process  depends  upon  the  fact 
that  when  pure  precipitated  chalk,  CaCO,,  is  added  to  the  fluid,  the  free 
adds  and  acids  combined  with  albumin  are  neutralized  by  the  CaCO,. 
The  acidity  remaining  after  this  treatment  is  due  to  acid  salts,  and  they 
may  be  estimated  by  tihis  method.  By  shaking  out  the  organic  acids  wiUi 
38 
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ethor  and  then  app^ring  the  method,  the  free  and  oomlnned  HQ  may  be 
estimated. 

Method. — ^Ten  ex.  of  the  filtered  gastric  contenti  are  shaken  in  a  stxmnioTy 
funnel  with  50  ex.  of  ether,  which  removes  the  organic  adds;  the  Hquia  is  then 
separated  from  the  ether,  returned  to  the  separating  funnel,  and  again  shaken  with 
25  ex.  of  ether  and  again  separated  from  the  ether.    The  fluid  is  then  treated  with 

5  C.C  of  a  twenty  per  cent,  station  of  CaCl,  and  titrated  with  -^~-  NaOH,  using 
phenolphthalein  as  the  indicator.  The  result  gives  the  acidity  due  to  add  salts  plus 
the  fnM  and  combined  HCL  Another  portion  of  15  ex.  of  the  fluid  is  treated  with 
about  I  gm.  <rf  CaCO^  and  filtered  through  a  dry  filter.    To  10  e.c.  of  the  filtrate  add 

5  ex.  of  the  CaCl^sohitioa  and  titrate  with -^NaOH  with  phenolphthalein.  The 
result  ^ves  the  addity  due  to  acid  salts,  which,  deducted  from  the  result  obtained 
in  the  nrst  titration, jgives  the  free  and  combined  hydrochloric  add. 

Deductions. — ^^le  hydrochloric  add  is  greatly  diminished  or  entirely  absent  in 
the  acute  stage  of  all  fevers;  in  chronic  gastric  catarrh  with  atrophy  of  the  gastric 
glands  and  amyloid  degeneration  of  the  membrane;  in  all  cachectic  states,  chlorosis, 
certain  nervous  trouble^  many  forms  of  pdsoning,  Addison's  disease;  in  cancer  of 
the  stomach,  if  it  involves  a  considerable  area  or  is  attended  with  catarrh  of  the 
mucous  membrane,  which  is  usually  the  case.  It  is  absent,  as  a  rule,  in  cancer 
of  the  stomach,  and  this  fact  is  a  valuable  aid  in  the  eariy  diagnosis  of  this  disease. 

The  Organic  Acids* — ^The  presence  of  a  considerable  amount 
of  organic  acids  in  the  stomach  contents  after  the  usual  test-meal  is 
to  be  regarded  as  pathological  The  acids  present  may  consist  of 
lactiCy  butyric,  or  acetic  acids.  Butyric  acid  can  usually  be  detected 
by  an  odor  like  that  of  randd  butter.  Acetic  add  will  be  detected 
by  the  odor  of  vinegar,  especially  on  warming  the  fluid.  The  detection 
of  the  organic  acids  is  more  certain  when  they  are  separated  from  the 
fluid  by  shaking  them  out  with  ether,  allowing  the  ether  to  evaporate, 
and  applying  the  tests  to  the  residue.  As  lactic  add  is  likdy  to  occur 
in  larger  amounts  and  more  frequently  than  the  others,  several  tests  have 
been  proposed  for  its  detection.  Any  pronounced  quantity  of  organic 
acids  is  generally  regarded  as  an  evidence  of  gastric  catarrii,  pyloric 
stenosis,  defident  HCl  secretion,  deficient  motor  power,  or  dilatation 
of  the  stomach — in  other  words,  of  an  unusual  delay  of  food  in  the 
stomach,  with  resulting  fermentations.  When  we  desire  to  make  a  careful 
clinical  test  for  lactic  add,  it  is  best  to  give  a  test-breakfast  of  oatmeal 
or  barley-gruel,  in  preference  to  Ewald's  test-breakfast,  as  the  former 
contains  no  lactates,  while  the  latter  may. 

Estimation  of  Organic  Acids.-— There  are  a  number  of  such 
methods,  but  the  most  satisfactory  is  that  of  Hehner  and  Seemann, 
sometimes  called  Braun's  method: 

Exactly  neutralize  10  c.c.  of  the  fluid  with  -— -  NaOH,  and  evaporate  to  dryness 
on  a  water-bath,  in  a  platinum  or  porcelain  baidn.  When  dry,  the  basin  is  heated 
over  the  lamp  as  long  as  the  residue  bums  with  a  flame.    The  residue,  after  cooling 
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is  extracted  with  boiling  distilled  water,  filtered,  and  the  filtrate  titrated  with  decl- 
normal  HCL  The  titration  is  best  done  by  adding  a  measured  excess  of  the  - — ^ 
HCl,  the  solution  boiled  to  expel  the  carbon  dioxide,  and  the  excess  of  add  deter^ 
mined  with  —  NaOH,  using  phenolphthalein  as  the  indicator.  The  difference  be- 
tween  the  number  of  c.c.  of  add  and  alkali  used  will  give  the  addity  due  to  organic 
adds  present  in  the  lo  c.c.  of  liquid  taken.  The  organic  salts  of  sodium  formed 
during  the  neutralizing  of  the  liquid  are  chanj;ed  by  the  ignition  of  the  dry  residue 
into  sodium  carbonate.  The  amount  of  sodium  carbonate  present  in  the  residue 
which  is  estimated  in  this  titration,  is  the  measure  of  the  amount  of  the  organic  salts 
formed.  The  above  method  leaves  little  to  be  desired  as  to  accuracy  and  simplidty. 
Statement  of  the  Result  of  Titrations.— It  is  now  a  custom  to  state  the  re- 
sults of  these  examinations  in  the  number  of  c.c.  of  —^-  NaOH  required  to  neu- 
tralize loo  c.c.  of  gastric  contents,  instead  of  calculating  the  amount  of  acid  found. 

The  Fcnncnts—Pepsin.— The  test  for  pepsin  is  accomplished 
by  the  addition  of  coagulated  egg-albumin  to  the  filtered  gastric  con- 
tents, and  keeping  this  mixture  at  a  temperature  of  about  40^  C.  (104^ 
F.)  for  a  definite  time,  and  noting  whether  the  albumin  is  corroded.  If 
the  gastric  contents  have  been  found  by  the  above  tests  to  be  deficient 
in  HCl,  enough  should  be  added  to  bring  the  quantity  up  to  about  two 
parts  per  thousand.  In  the  absence  of  free  HCl,  pepsin  may  be  absent, 
but  there  may  be  pepsinogen,  which  only  needs  ^e  addition  of  HCl  to 
develop  the  pepsin.  It  is  best  to  make  two  tests  in  such  cases — one 
of  the  original  fluid,  and  another  after  adding  two  drops  of  diluted  HCl 
(U.  S.  P.).  Coagulated  albumin  discs,  made  by  cutting  the  white  of 
boiled  eggs  in  thin  flakes  of  uniform  thickness  and  pundhing  them  out 
by  means  of  a  cork-borer  or  glass  tube,  and  preserving  in  glycerin,  are 
used  for  this  purpose.  The  presence  of  rennin  is  best  shown  by  care- 
fully neutralizing  5  c.c.  of  the  filtered  gastric  contents,  and  mixing 
this  solution  witih  an  equal  volume  of  carefully  neutralized  milk.  If 
rennin  be  present,  the  milk  is  coagulated  in  fifteen  minutes. 

Digestion  of  Starch. — In  normal  digestion  there  is  no  free  acidity 
after  the  usual  test-meal  for  twenty  to  forty  minutes.  The  salivary 
diastase  continues  its  activity  during  this  time,  converting  the  starch 
into  dextrin  and  maltose.  At  the  end  of  one  hour  the  greater  part  of 
the  starch  should  be  converted,  and  iodine  should  give  no  blue  color. 
A  reddish-violet  color  of  a  watery  solution  of  iodine  shows  the  presence 
of  erythrodextrin.  A  blue  or  purple  reaction  with  iodine,  in  a  fluid  that 
has  been  n  the  stomach  one  hour,  indicates  faulty  amylolysis,  due  either 
to  decreased  diastase  in  the  saliva,  decreased  secretion  of  saliva,  or 
excessive  acidity  of  gastric  contents. 

Digestion  of  Proteins. — ^For  a  description  of  the  changes  pro- 
duced in  proteins  during  gastric  digestion,  the  student  is  referred  to 
part  IV,  under  Albimioses  and  Peptones. 
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The  following  tests  may  be  employed  to  show  the  progress  of  pro- 
teid  digestion: 

Albumin  and  globulin  are  precipitated  by  boiling  die  slightly 
acidulated  solution. 

Acid-albumin,  or  syntonin,  is  precipitated  by  carefully  neutralizing 
the  solution  with  decinormal  sodium  hydroxide.  It  is  best  to  use 
phenolphthalein  to  show  the  neutrality,  as  the  solution  must  be  exactly 
neutral  to  precipitate  the  acid-albumin. 

Primary  albumoses  may  be  precipitated  from  the  solution,  from 
which  the  native  proteins  and  add-albumin  have  been  sq>arated,  as 
above,  by  satiurating'the  solution  with  MgSO^  or  NaCL 

Secondary  albumose  (deutero-albumose)  may  be  precipitated 
from  the  filtrate  from  the  primary  albumoses,  as  above,  by  saturation 
with  crystals  of  (NHJ^04. 

To  test  for  peptonesi  saturate  a  portion  of  the  original  fluid  with 
(NHJ2SO4,  heat  nearly  to  boiling,  and  filter.  To  the  dear  filtrate,  when 
cold,  add  phosphotungstic  acid,  which  precipitates  peptone;  or  apply 
the  biuret  reaction.  Add  to  fluid  an  excess  of  NaOH  or  KOH  and 
two  drops  of  CUSO4  solution.  A  rose-colored  solution  indicates 
peptone. 

The  rapidity  of  absorption  from  the  stomach  is  tested  by  giving 
the  person  a  capsule  containing  0.2  gm.  (3  grs.)  of  potassium  iodide,  and 
then  testing  the  saliva  at  the  end  of  each  mmute  for  the  iodine  reaction. 
Witih  a  normal  stomach,  iodine  appears  in  the  saliva  ten  to  fifteen 
minutes  after  giving  the  capsule. 

The  iodine  is  detected  in  the  saliva  as  follows:  Strips  of  filter-paper  are  soaked 
in  starch-mucilage  and  dried.  One  of  these  papers  is  pressed  upon  the  tonsue, 
removed,  and  then  touched  with  a  glass  rod  previously  dipped  in  some  yellow  mtric 
(nitrous)  add.  The  appearance  of  a  blue  spot  shows  the  presence  of  iodine. 
Some  use  a  solution  of  common  salt  of  known  strength*  drawing  out  what  is  left  in 
the  stomach  after  ten  minutes,  and  estimating  the  salt  left  in  the  stomach.  When 
the  capsule  is  administered  to  an  empty  stomach,  a  delay  in  the  appearance  of  the 
iodine  reaction  in  the  saliva  to  twenty  minutes,  or  longer,  indicates  some  serious 
organic  disease  of  the  gastric  mucosa. 

The  motility  or  motor  function  of  the  stomach  is  a  matter  of 
importance,  and  its  determination  is  sometimes  required.  When  the 
motility  is  normal  or  increased,  the  food,  even  if  it  is  not  digested,  is 
passed  on  into  the  duodenum  before  any  disturbance  arises  from  lack 
of  digestion.  The  motor  function  may  in  this  way  compensate  for 
lack  of  digestive  power  in  the  stomach.  The  lack  of  proper  motor 
power,  on  the  other  hand,  may  produce  dyspeptic  symptoms  where 
the  digestive  power  is  normal,  because  of  the  long  delay  of  the  food  ir 
the  stomach,  with  secondary  fermentations. 
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FleifdMr  detennines  the  motility  of  the  stomach  by  giving  a  gelatin  capsule 
containing  0.1  sm.  (1}  m,)  of  iodoform,  which  drug  is  decomposed  in  the  duo- 
denum, ajod  iomde  of  sodium  fonned,  which  is  absorbed.  Iodine  can  be  detected 
in  the  saliva  in  from  fifty-five  to  one  hundred  minutes  when  administered  after  the 
usual  test-break^t. 

Ewald's  lalol  test  is  another  chemical  test  of  the  motility  of  the  stomach. 
Salol  is  nearly  insoluble  in  the  gastric  juice,  and  does  not  enter  ti^e  circulation  until 
it  is  decomposed.  It  does  not  decompose  until  it  reaches  the  duodenum,  when  it 
splits  up  into  phenol  and  salicylic  add.  The  latter  is  then  absorbed,  and  app)ears  in 
the  urine  from  sixty  to  seventy-five  minutes  after  taking  about  0.6  to  i  gm.  in  a 
capsule.  Or,  we  may  note  how  k>ng  the  salicylic  add  continues  to  be  ehminated 
by  the  urine.  If  the  inaction  shows  the  add  in  the  urine  at  thirty  hours  or  longer,  it 
may  be  regarded  as  proof  of  deficient  motility  of  the  stomach.  Salicylic  add  is 
easily  detected  in  the  urine  by  wetting  a  piece  of  filter-paper  with  this  fluid  and 
dropping  on  the  moistened  spot  a  drop  of  a  ten  per  cent,  solution  of  ferric  chloride. 
The  edge  of  the  drop  will  assume  a  violet  color  in  presence  of  traces  of  salicylic  add. 
These  papers  may  be  dried  and  preserved,  if  necessary,  as  records  of  the  test 

Klemperer  pours  100  c.c.  (3}  ozs.)  of  pure  olive  oil  into  the  empty  stomach, 
and  removes  with  the  stomach-tube  what  remains  after  two  hours,  to  determine  how 
much  has  been  passed  into  the  duodenum.  There  are  several  mechanical  methods 
of  testing  the  sastric  peristalsis.  They  depend  upon  the  pressure  the  stomach 
exerts  upon  an  intragastric  rubber  bag  attached  to  a  manometer  or  other  recording 
apparatus. 

Examination  of  the  Sediment  or  Solid  Particles  Obtained 
from  the  Stomach. — The  quantity,  character,  and  appearance  of 
the  insoluble  portions  of  gastric  contents  are  important.  We  may  in 
this  way  find  particles  of  food  eaten  twelve  to  twenty-four  hours  before, 
showing  a  probable  dilatation  of  the  stomach  or  stenosis  of  the  pylo- 
rus. Excess  of  the  starchy  elements  of  the  food  indicates  an  excess  of 
gastric  acidity,  or  a  deficiency  in  the  activity  of  the  saliva,  while  an 
absence  of  bread  or  starch  and  the  presence  of  proteid  articles  of  diet 
indicate  deficient  acid.  These  indications  will,  of  course,  be  more 
marked  after  an  ordinary  meal  than  after  the  usual  test-meal.  An 
examination  of  vomited  matters  will  often  reveal  the  above  indications. 
The  presence  of  mucus,  in  excessive  amount,  will  be  evident  to  the  eye 
by  its  stringy,  tenacious  character.  We  may  demonstrate  its  presence, 
chemically,  by  shaking  the  sediment  with  a  weak  solution  of  NaOH,  or 
CaOjH,,  filtering,  and  acidifying  the  filtrate  with  acetic  acid,  when  the 
mucus  will  be  precipitated.  Excess  of  mucus  is  found  in  gastritis  and 
gastric  catarrh.  BUiary  coloring  matters  are  usually  evident  to  the 
naked  eye,  or  they  may  be  demonstrated  by  Gmelin's  test  (see  chapter  on 
Urine) ,  or  with  the  spectroscope.  When  present  in  considerable  quantity, 
blood  may  be  detected  with  the  unaided  eye.  When  in  small  quantity, 
we  may  use  the  spectroscope  or  the  guaiac  and  turpentine  test,  men- 
tioned under  Urine.  The  microscope,  however,  will  usually  render  these 
tests  unnecessary. 

Microecopic  examination  should  always  be  made  of  the  sediment  obtained 
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from  the  stomach.  Besides  fragments  of  undigested  food,  we  may  recognize  the 
staining  of  these  particles  by  bile,  the  presence  of  yeast-ceils,  blood-corpuscles,  sardns, 
and  bacteria  of  various  kinds.  It  is  best  to  first  examine  the  sediment  unstained,  and 
then  stained  with  Bismarck  brown  or  Lugol's  solution,  and  then  with  methyl-blue, 
which  last  color  will  reveal  the  bacteria  to  the  best  advantage.  Bacteria  of  various 
kinds  are  always  to  be  found  in  the  stomach,  and  are  only  imilcative  of  disease  when 
present  in  very  large  numbers.  An  unusually  long  non-motUe  bacillus,  first  recog- 
nized by  Oppler,  is  found  in  most  cases  of  gastric  carcinoma.  It  has  the  power  of 
rapidly  changing  sugars  to  lactic  acid,  and  in  carcinoma  of  the  stomach  the  number 
of  baolli  increases  with  this  acid.  Its  absence  in  gastric  disease  is  a  very  strong 
argument  against  a  diagnosis  of  cancer.  Excessive  bacterial  fermentations  in  the 
stomach  usually  give  rise  to  dyspeptic  symptoms,  such  as  distention,  pain,  delayed 
or  difficult  digestion,  disturbed  intestinal  peristalsis,  toxic  absorption,  etc. 

THE  PANCREATIC  FLUID. 

The  pancreatic  fluid  is  the  secretion  of  the  pancreas  poured  out 
into  the  duodenum  at  the  junction  of  the  middle  and  lower  thirds  of 
the  duodenum,  through  the  pancreatic  duct.  In  some  lower  animals 
there  are  two  ducts.  The  rabbit,  dog,  and  cat  each  have  two  ducts. 
The  pancreatic  juice  is  a  transparent,  colorless,  odorless,  saltish,  alka- 
line fluid,  effervescing  with  the  acids.  The  analysis  of  Human  pan- 
creatic juice  shows  it  to  be  of  variable  composition.  The  solids 
constitute  13  to  14  per  cent,  of  solids,  9  to  10  per  cent,  of  proteids,  and 
0.3  to  0.4  per  cent,  of  inorganic  salts.  There  are  few  cells,  if  any,  in 
suspension,  and  it  is,  therefore,  clear.  The  pancreatic  fluid  has  at 
least  three  ferments,  or  zymogens  that  furnish  at  least  three  ferments — 
the  diastasic  ferment,  amylopsiiiy  or  amylasei  allied  to,  if  not  identi- 
cal with,  ptyalin;  tr3rpsin  (tryptase),  a  peptone-forming  ferment; 
lipasCi  a  saponifying  ferment;  and  rennin,  or  curdling  enzyme. 

The  secretion  of  the  pancreatic  juice  begins  as  soon  as  food  is  taken,  increases 
for  two  hours,  then  falls,  and  a  second  rise  takes  place  in  from  five  to  six  hours,  when 
it  falls  again  until  about  the  eighteenth  hour,  if  no  more  food  be  taken.  The  most 
marked  characteristic  of  the  pancreatic  secretion  is  that  it  acts  in  neutral  or  alkaline 
solutions  better  than  in  add  solutions.  A  slight  excess  of  HCl  destroys  it  entirely. 
Its  most  marked  action  is  upon  proteids  and  starches,  converting  the  former  into 
peptone,  with  certain  side-products,  and  the  latter  into  maltose,  which  is  afterward 
rapidly  changed  into  dextrose.  Pancreatic  digestion  diflFers  from  peptic  digestion  in 
certain  well-marked  features,  which  are  shown  below: 

Active  Pepsin  (Acid  Mzdwu).  Pancieatin  (Alkaline  Mediuu). 

Fibrin  swells  before  dissolving.  Fibrin  corroded  away. 

Assisted  by  HCl.  Assisted  by  Na,CO,. 

Destroyed  by  Na,CO,.  Destroyed  by  HCl. 

Forms  syntonin,  albumose,  and  Forms  alkah-albumin,  antii>eptone, 

peptones.  hemipeptone,  leucin,  tyrosin,  hy- 

poxanthin,  and  aspartic  add. 

Acts  best  on  albumin.  Acts  best  on  fibrin. 

The  pancreatic  fluid  is  the  chief  digestive  fluid  concerned  in  the  complete 
digestion  of  starch.  It  contains  the  ferment  amylopsin,  or  pancreatic  diastase, 
which  readily  converts  starch  into  maltose,  and  finally  into  dextrose.    The  extract  ol 
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the  pancreatic  gland  is  exceedingly  active  in  its  efifect  upon  cooced  starch.  This 
secretion  in  the  new-born  is  destitute  of  amylopsin,  which  makes  its  first  appearance 
at  about  the  end  of  the  second  month.  Previous  to  this  time,  infants  can  not  usually 
digest  starch.  Some  infants,  however,  seem  to  be  endowed  with  the  property  of 
digesting  starch,  and  it  would  seem,  therefore,  that  they  must  secrete  some  diastase, 
eiuer  in  the  saliva  or  the  pancreatic  fluid.  The  nulk-curdling  property  of  the 
pancreatic  fluid  is  less  marked  than  in  the  case  of  the  gastric  fluid.  Of  the  fat- 
splitting;  ferment  little  is  known,  except  that  a  special  ferment  exists  in  the  pancreatic 
juice  which  has  this  property.  It  decomposes  lecithin  into  neurin,  and  saponifies 
fats  to  a  slight  extent,  and,  with  the  assistance  of  the  bile,  converts  them  into  soaps, 
in  which  form  they  are  absorbed. 

THE  SUCCUS  ENTERICUS 

is  the  digestive  fluid  secreted  by  the  glands  of  the  intestinal  mucous 
membrane,  principally  by  Lieberkiihn's  and  Brunner's  glands.  The 
secretion  from  Brunner's  glands  contains  proteins,  mucin,  and  fer- 
ments. It  dissolves  proteids,  slowly  changes  starch  into  sugar, 
changes  maltose  into  dextrose,  lactose  into  dextrose  and  galactose,  and 
inverts  cane-sugar.  It  b  a  light-yellow,  opalescent,  strongly  alkaline 
fluid,  effervescing  with  dilute  HCl. 

The  SUCCUS  entericus  is  most  active  in  the  dog.  Its  diastasic  power 
is  less  than  that  of  the  saliva  or  the  pancreatic  fluid,  and  when  it  acts 
upon  starch  it  forms  dextrose  instead  of  maltose.  The  large  intestine 
contains  none  of  this  ferment. 

THE  BILE. 

The  bile  is  a  viscid,  transparent,  golden-yellow  colored  liquid 
secreted  by  the  liver.  It  has  a  bitter  taste  and  an  alkaline  reaction. 
Specific  gravity,  1009  to  1020.  Its  composition  is  highly  complex  and 
variable.  When  first  secreted  it  is  thin,  and  contains  about  from  two 
to  three  per  cent,  of  solid  matter.  When  stored  in  the  gall-bladder  for 
some  time  it  becomes  viscid  from  the  absorption  of  part  of  the  water  and 
the  addition  of  mucoid.  The  viscid  bile  found  in  the  gall-bladder 
contains  about  twenty-two  per  cent,  of  solid  matter.  The  freshly 
secreted  bile  has  about  the  following  composition: 

Composition  of  Human  Bile. 

Pm  Cent.  Pi*  Cent. 

Water, 9 1 .68      Soaps, 1-39 

Mucus  and  pigment, 0.129     Fat, 0.73 

Glycocholate  of  sodium, 3.03      Lecithin, 0.53 

Taurocholate  of  sodium, 0.87      Cholesterin, 0.35 

The  amount  of  bile  secreted  in  twenty-four  hours  is  variously  stated  at  from 
loco  to  1700  gm.,  or  from  twenty-three  to  forty -seven  ounces.  The  bile  is  prepared 
in  the  liver  from  the  laige  amount  of  blood  received  by  it.  More  is  secreted  ciuring 
digestion  than  during  fasting,  and  the  percentage  of  solids  increases  during 
digestion.  In  abstinence  from  food,  or  with  a  fatty  diet,  little  is  secreted;  more  is 
secreted  with  bread  and  rice,  still  more  with  meat,  but  most  with  a  mixed  diet. 
The  bile  is  stored  in  the  gall-bladder  when  not  needed,  and  poured  into  the  duo- 
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denum  near  the  point  of  exit  of  the  pancreatic  duct.  On  standing,  it  becomes 
of  a  brown-yellow  color  and  readily  undergoes  decomposition. 

The  constituents  of  the  bile  are  described  elsewhere.  For  a  description  off 
biliuy  calculi,  see  page  '588. 

The  functions  of  the  bile  are: 

First  To  assist  in  emulsifying  fats,  and,  in  the  presence  of  the  pancreatic 
juice,  to  assist  in  saponifying  them. 

Second.  It  readily  wets  the  mucous  membrane,  and  it  assists  in  the  fonnation 
of  soaps. 

Third.  Checks  putrid  fermentation  in  the  intestines. 

Fourth.  It  preapitates  the  pepsin,  s3nitonin,  albumoses,  and  peptones  from  the 
chyme,  and  stimulates  the  production  of  intestinal  juice,  and  intestinal  peristalsis. 

Fifth.  It  contains  a  diastasic  ferment  which  converts  starch  into  suffBLt. 

Sixth.  The  bile  stimulates  the  contractions  in  the  muscular  coat  of  the  mtestines 
and  villi,  increases  the  moisture  in  the  intestine,  acts  as  a  lubricant,  and  favors 
the  passage  of  the  contents  of  the  small  intestine. 

A  considerate  portion  of  the  bile  is  re-absorbed,  a  part  of  the  coloring  matter, 
at  least,  being  excreted  by  the  kidneys,  while  a  part  passes  out  with  the  fe^&.  The 
bilianr  adds  are  mostly  absorbed  from  the  ileum  and  jejummi,  only  a  trace  being 
found  in  the  feces. 

Toxic  Effects. — Obstruction  to  the  discharge  of  the  bile  leads  to  its  absorption 
by  the  l3miphatics,  nving  rise  to  cholemia,  or  absorptive  jaundice.  The  coloring 
matter  passes  into  the  circulation  and  stains  the  tissues  yellow.  The  effect  of  the 
absorption  of  bile  is  to  produce  a  slow  pulse  and  respiration,  low  temperature* 
Irritation  of  the  skin,  lassitude,  headache,  and  coma. 

THE  FECES. 

Chemical  Composition  of  Feces.— An  adult,  upon  a  mixed 
diet,  passes  about  120  to  180  gm.  (or  4  to  6  ozs.)  of  moist  excrement 
in  twenty-four  hours.  A  vegetable  diet  increases  the  amount.  If 
much  indigestible  food  be  taken,  it  may  be  as  much  as  500  gm.  The 
consistency  depends  upon  the  amount  of  water  present,  which  is  usually 
about  from  68  to  80  per  cent.  A  piure  flesh  diet  gives  a  comparatively 
dry  feces,  while  substances  rich  in  sugar  yield  feces  with  a  comparatively 
large  amount  of  water.  The  quantity  of  water  taken  has  no  influence 
upon  that  found  in  the  feces.  The  water  in  the  feces  seems  to  be  in 
direct  ratio  with  the  energy  of  the  peristalsb. 

Color. — ^The  color  of  normal  stook  of  adults  varies  with  the  food 
taken,  or  is  colored  by  certain  foreign  substances.  Milk  stools  in  both 
infants  and  adults  are  lemon  yellow  in  color.  Spinach,  cabbage,  calomel, 
and  certain  bacteria  give  green  stools.  The  green  color  of  infants'  feces 
is  believed  to  be  due  to  the  action  of  butyric  and  lactic  acids  upon  the 
biliary  coloring  matters.  In  adults  green  passages  may  be  due  to  a  green, 
microscopic  plant,  or  chlorococcus.  Rhubarb,  senna,  logwood, 
saffron,  fuchsin,  and  blood  may  give  red  stools.  Santonin  gives  blood- 
red  or  yellow-colored  stools.  Normal  stook  are  brown  and  contain  no 
unchanged  bile.    Meconium  contains  unchanged  bile. 

Iron,  bismuth  salts,  charcoal,  and  blood  coming  from  the  upper  part 
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of  the  gastro-intestinal  canal  impart  a  black  color.  The  normal  coloring 
matter  of  the  feces  is  derived  from  the  bile,  and  when  this  fluid  is  pre- 
vented from  discharging  into  the  duodenum  the  feces  become  very  Ught 
or  clay  colored. 

Blood  gives  red  or  very  dark  cofered  stook  according  as  it  comes 
from  the  lower  or  upper  part  of  the  intestine. 

When  blood,  mucus,  or  pus  is  well  mixed  with  the  feces,  its  origin 
is  high  up  in  the  intestine;  when  not  mixed  with  the  feces  it  is  added  in 
the  towor  part  of  the  colon  or  in  the  rectum. 

.  Odor. — ^The  odor  of  the  feces  may  be  the  well  known,  normal,  fecal 
odor,  or  it  may  be  putrid,  grassy,  sour,  or  pungent.  The  various  ab- 
normal odors  have  not  been  classified,  and  little  is  known  of  their  signif- 
icance. The  disagreeable  odor  of  normal  feces  is  believed  to  be  due  to 
skatol,  stercobilin,  H^,  and  amins. 

Reaction. — ^The  reaction  of  the  feces  to  litmus-paper  may  be  acid, 
neutral,  or  alkaline.  The  normal  reaction  of  infants'  stools  is  acid.  An 
alkaline  reaction  is  abnormal  It  may  become  alkaline  in  digestive 
disturbances  with  proteid  fermentation^  in  cholera  infantum,  and  colitis. 

In  older  children  and  in  adults  the  reaction  may  be  either  acid  or 
alkaline.  The  acidity  may  be  determined  by  rubbing  up  20  to  30 
gm.  of  the  feces  with  hot  distilled  water,  making  the  volume  up  to  100  c.c. 
filtering  off  an  aliquot  portion, — say,  50  cc, — and  titrating  the  filtrate 
with  -^  NaOH,  using  phenolphthalein  as  the  indicator.  Blanberg 
found  the  acidity  of  the  stools  of  breast-fed  infants  to  be  25  c.c.  of  -^ 
NaOH  for  xoo  gm.  of  feces,  and  11.33  cc.  for  100  gm.  of  feces  of  babies 
fed  on  cows'  mUk. 

Composition. — The  feces  contain:  First.  Alimentary  substances 
which  are  assimilable,  but  which  have  been  taken  in  excess,  as  starch, 
fatty  matters  in  notable  quantities,  and  a  small  proportion  of  non- 
assimilable proteids. 

Second.  Indigestible  substances,  such  as  v^etable  fiber,  cellulose, 
chlorophyll,  gums,  pectic  substances,  resins,  elastic  tissue,  epidermic 
tissue,  tendons,  diverse  coloring  matters,  nudein,  chitin,  insoluble 
salts  (silicates,  insoluble  sulphates,  anunonium-magnesium  phosphate, 
and  calcium  phosphate). 

Third.  Products  coming  from  the  digestive  tube  itself;  intestinal 
mucus,  epithelial  ceUs,  biliary  acids  (in  traces),  cholesterin,  and  bacteria. 

Fourth.  Substances  which  failed  of  absorption,  as  emukified  fats, 
the  free  fatty  acids,  casein,  paracasein,  cellulose,  starch,  meat  fibers,  etc 

Casein  and  paracasein  frequently  occur  in  the  stools  of  children 
and  in  adults  taking  milk.  To  distinguish  casein  from  fatty  acids  it  is 
only  necessary  to  treat  the  suspected  lumps  with  ether,  or  petroleum 
tther,  when  the  latter  dissolve,  while  the  former  do  not. 
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Leiner's  test  may  also  be  used  as  follows:  A  small  portion  of  the 
feces  is  spread  out  on  a  slide,  dried  and  fixed  by  passing  the  slide  three 
or  four  times  through  the  Bunsen  burner  flame.  It  is  then  stained 
with  a  mixtiure  of  equal  volumes  of  0.75  per  cent,  alcoholic  solutions 
of  acid  fuchsin  and  of  methyl-green,  diluted  with  ten  volumes  of  water. 
After  staining  fifteen  minutes,  wash  well  by  inmiersion  for  an  hour  in 
distilled  water.  Casein  and  paracasein  are  stained  blue  or  violet. 
The  fatty  acids  do  not  stain  at  alL 

Pat  occurs  in  feces  in  the  form  of  neutral  fat  in  roimd,  highly  re- 
fracting drops,  also  needle-shaped  crystab  of  fatty  acids,  or  of  soaps  of 
the  higher  fatty  adds  with  calcium  and  magnesium. 

Cholesterin  plates  are  often  found.  Starch  grains  may  be  mistaken 
for  fat  droplets,  but  they  are  easily  differentiated  with  iodine,  with 
which  they  give  a  blue  color. 

Neutral  fats  stain  red  or  bluish-brown  with  tincture  of  alkanet. 
Osmic  acid  stains  both  free  fat  and  fatty  adds  black.  The  amount  of 
fat  in  stools  varies  greatly  in  different  individuals.  The  quantitative 
estimation  therefore  has  little  practical  value. 

The  fatty  add  crystak  melt  when  heated,  and  are  soluble  in  cold 
alcohol  or  in  a  weak  solution  (five  per  cent.)  of  sodium  hydroxide,  while 
the  neutral  fats  are  insoluble  in  both.  Both  the  neutral  fats  and  fatty 
add  oystals  are  soluble  in  ether  and  chloroform. 

The  soaps  of  caldum  and  magnesium  occur  as  amorphous  masses 
and  as  crystals.  They  are  insoluble  in  hot  water,  alcohol,  and  ether. 
The  insolubility  in  alcohol  and  ether  serve  to  distinguish  them  from 
the  fatty  adds  and  from  neutral  fats.  Neither  osmic  acid  nor  tincture 
of  alkanet  stains  them.  When  fat  is  present  in  abnormal  quantities  it 
may  be  recognized  as  whitish  or  grayish  masses,  var3ring  from  the  size 
of  a  pea  to  that  of  a  lima  bean.  These  masses  may  be  mistaken  for 
casein.  At  times  the  fat  may  not  be  evenly  mixed  with  the  feces,  but 
covering  the  entire  mass  like  an  envelope.  This  abnormally  large 
amount  of  fat — steatorrhea — is  usually  associated  with  diseases  of  the 
intestines  affecting  the  absorptive  power,  as  atrophy  or  amyloid  de- 
generation of  the  mucosa,  or  in  diseases  of  the  glands  or  vessels  of  the 
mesentery,  in  tubercular  peritonitis,  tuberculosis  of  the  mesentery, 
catarrh  of  the  small  intestine,  and  in  some  cases  of  pancreatic  disease. 
Mucus  may  be  seen  in  catarrhal  conditions  of  the  colon  and  rectum. 
Occasionally  masses  are  seen,  drawn  out  into  ribbons,  and  are  often 
passed  with  or  without  fecal  matter,  and  with  considerable  pain  and 
tenesmus.  This  condition  is  sometimes  known  as  enteritis  tnembranosa 
or  colica  mucosa^  and  is  due  to  a  catarrh  of  the  colon  or  rectum,  or  it  may 
be  a  secretion  neurosis. 

Fifth.  Decomposition  products  due  to  microbic  action,  as  the  free 
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fatty  acids  from  acetic  up  to  palmitic,  this  last  quite  abundant;  also 
butyric,  isobutyric,  and  lactic  acids,  phenol,  cresol,  indol,  skatol,  ster- 
corin,  excretin,  ammonium  carbonate  and  sulphide,  amins,  amids, 
ptomaines,  leudn,  tyrosin,  and  phenylpropionic,  phenylactic,  and 
parahydroxylphenylactic  acids.  Some  of  these  bodies,  especially  the 
ptomaines,  acids,  phenols,  and  coloring  matters,  are  partly  absorbed, 
the  phenols  passing  into  the  urine  in  combination  with  sulphuric  acid, 
as  ethereal  sulphates. 

Sixth.  Pigments.  The  pigments  found  are  stercobilin,  hematin, 
biliary  pigments,  hydrobilirubin,  and  food-coloring  matters. 

The  following  figures  give  the  analysis  of  1000  parts  of  fresh  ex- 
crement: 

Adult  Man.  Imyamt. 

Water, 733  851.3 

Fixed  solids, 267  148.7 

Total  organic  matter, 208.75  i57'i 

Mineral  matter, 10.95  i3«6 

Alimentary  residue, 83 

Crystals* — Besides  the  crystals  of  fatty  acids  and  soaps,  above 
referred  to,  crystals  of  ammonio-magnesium  phosphate  are  often  found. 
They  are  similar  in  form  to  those  found  in  urine,  and  are  readily  soluble 
in  dilute  acetic  acid. 

Charcot-Leyden  crystals  occasionally  occur  in  normal  stools. 
They  are  colorless,  transparent,  elongated  octahedra.  They  are  quite 
constantly  associated  with  the  presence  of  intestinal  worms.  Their 
presence  in  the  feces  should  excite  suspicion  of  the  presence  of  these 
parasites.  Their  persistence  after  treatment  for  tapeworm  is  strong 
^evidence  that  it  has  not  been  entirely  expelled. 

Epithelial  cells  when  present  in  large  numbers  indicate  an  inflam- 
matory condition  of  the  mucosa  of  some  part  of  the  intestine.  When 
stained  with  bile,  they  are  from  the  small  intestine.  They  are  usually 
associated  with  an  increase  of  mucus,  whatever  be  their  origin.  Cancer 
cells  may  be  found  in  carcinoma  of  the  rectum. 

Blood-cells  will  only  be  found  when  the  seat  of  the  hemorrhage  is 
in  the  descending  colon,  rectum,  or  anal  orifice.  If  the  hemorrhage  is 
higher  up  the  coloring  matter  of  the  blood  is  changed  to  hematin  or 
hematoldin.  The  spectroscopic  examination  or  the  test  for  iron,  de- 
scribed under  blood,  may  be  used. 

Muctis  particleSi  appearing  as  small,  hyaline  bodies,  are  indicative 
of  catarrh  of  the  intestine.  In  this  case  they  are  often  bile  stained.  If 
colorless,  they  probably  originate  in  the  lower  part  of  the  small  or  upper 
part  of  the  large  intestine.  When  mucus  comes  from  the  lower  part 
of  the  colon  it  is  not  well  mixed  with  the  feces.  When  the  mucous 
masses  are  stained  yellow  with  bile,  it  is  an  indication  of  the  existence 
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of  disease  of  the  small  intestine.  This  is  especially  true  when  they 
are  accompanied  by  large  numbers  of  cylindriod  epithelial  cells. 

Leucocytes. — The  presence  of  a  large  number  of  leucocytes  indi- 
cates a  severe  enteritis,  or  an  ulcerative  process  in  the  intestine. 

Large  amounts  of  pus  are  found  in  dysentery  and  the  rupture  of 
abscesses  into  the  intestine. 

Biliary  calculi,  enterolithSy  and  other  solid  bodies  may  be 
occasionally  found  by  carefully  washing  the  feces. 

Biliary  calculi  may  vary  in  size  from  that  of  a  mustard  seed  to  that 
of  a  filb^.  In  color  they  vary  from  white  to  a  greenish  black.  Li 
sp.  gr.  they  may  be  lighter  than  water  or  they  may  be  heavier.  In 
composition  they  may  consist  chiefly  of  cholesterin,  of  inspissated 
bile,  or  of  calcium  salts.  Those  of  the  first  class  are  light  colored  and 
float  on  water,  and  are  soft.  Those  of  the  second  class  are  harder, 
brown  or  very  dark  green  in  color,  and  are  heavier  than  water.  Those 
composed  chiefly  of  lime  salts  are  generally  irr^;ular  in  shape.  All 
forms  of  these  stones  are  liable  to  be  somewhat  mixed  in  composition. 
There  may  be  a  nucleus  of  calcium  phosphate  or  sulphate,  and  the  rest 
of  the  stone  may  be  organic  These  stones  frequently  present  facets 
formed  by  contact  with  one  another  during  their  formation  in  the 
gall-bladder.  Occasionally  cancreiions  are  found  in  feces  which  have  a 
nucleus  of  hardened  feces  covered  with  a  crust  of  calcium  and  mag- 
nesium salts  and  known  as  etUerolUhs,  In  herbivorous  animals  these 
bodies  often  contain  a  nucleus  of  hair,  and  attain  a  large  size. 

Meconium  is  the  name  given  to  the  dark  greenish-brown,  pitch- 
like contents  of  the  intestine  of  a  human  fetus  at  birth.  It  is  devoid 
of  fecal  odor  and  has  an  acid  reaction.  The  liiicroscope  shows  it  to 
contain  cylindrical  cells  from  the  villi,  often  grouped  together  as  when 
covering  the  villi.  They  are  usually  stained  green.  Besides  these 
epithelial  cells,  there  are  cholesterin  plates,  fat  globules,  and  crystals 
of  bilirubin.  Meconium  contains  mucin,  biluiibin,  biliverdin,  biliary 
acids,  cholesterin,  traces  of  fat,  and  fatty  acids.  It  contains  from  20 
to  28  per  cent,  of  solid  matter.  It  does  not  contain  urobilin,  glycogen, 
peptone,  lactic  acid,  leucin,  or  tyrosin.  Two  peculiar  substances  are 
found  in  feces  which  do  not  occur  elsewhere  in  the  body.  These  are 
ezcretin  ((^H^O)  and  stercobiliiiy  or  serolin.  Ezcretin  may  be 
obtained  from  the  feces  by  making  an  alcoholic  extract  and  keeping  it 
for  a  considerable  time  at  a  temperature  below  o*^  C.  (32°  F.),  when 
there  is  deposited  an  olive-colored,  granular  body,  having  a  fecal  odor 
and  acid  properties,  from  which  Marcet  has  named  it  ezcretolic  acid. 
It  resembles  cholesterin  in  its  properties. 

The  feces  of  infants  fed  with  normal  breast-milk  are  lemon-yellow 
to  orange-colored,  and  contain  about  85  per  cent,  of  water,  13.5  pel 
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cent,  of  organic  and  1.5  per  cent,  of  mineral  matter.  On  shaking  up 
with  water,  the  water  becomes  add,  and  numerous  flocculi  of  lio'ger 
or  smaller  size  separate. 

Changes  in  liie  Feces  in  Disease.— The  feces  of  adults  become 
a  blue-day  or  light-gray  color,  when  the  bile  is  shut  off  from  the  in-* 
testine,  very  fetid,  and  contain  a  large  quantity  of  fat.  Ocdusion  of 
the  pancreatic  duct  also  leads  to  the  appearance  of  fat  in  the  stools. 
Diarrheal  stools,  or  stools  after  purgative  medicines,  vary  from  the 
normal  prindpaUy  in  the  proportion  of  water,  although  the  rapid  peri- 
stalsis will  usually  bring  down  more  or  less  undigest^  matters.  The 
feces  in  typhoid  fever  are  usually  semifluid,  and  frequently  contain 
blood  and  small  portions  of  necrotic  membrane,  and  usually  contain 
crystals  of  ammonium-magnesium  phosphate.  They  contain  the 
Eberth  bacillus,  peculiar  to  this  disease,  and  a  poisonous  base  known  as 
typhotoxin,  having  the  formula  C7H17NO3,  and  an  active  toxin.  The 
stools  of  cholera  are  thin  and  almost  colorless,  resembling  rice-water. 
Under  the  microscope  are  seen  a  large  number  of  epithelial  cells  from 
the  villi,  and  bacterial  analysis  reveals  the  conuna  spirillum.  Cholera 
stools  contain  indol  and  nitrites,  and  devdop  a  blood-red  color  on  adding 
dilute  sulphuric  add,  due  to  the  formation  of  nitrate  of  nitroso-indol. 
Thb  reaction  b  often  used  for  diagnostic  purposes. 

Dysenteric  stools  are  characterized  by  an  abundance  of  mucus 
tinged  with  blood,  peculiarly  fetid,  and  frequently  containing  fragments 
of  sloughing  mucous  membrane.  Microscopic  examination  sometimes 
reveals  an  ameba,  known  as  the  ameba  colii  characteristic  of  certain 
cases  of  tropical  dysentery,  or  a  peculiar  bacillus  known  as  Shiga's 
bacillus.  Tlie  stools  of  hemorrhages  into  the  stomach,  or  elsewhere 
afeng  the  digestive  tube,  are  dark  brown  or  black  in  color,  and  very 
fetid.  Gall-stones  are  sometimes  found  in  feces,  as  well  as  small 
calculi,  or  enteroliths.  These  bodies  are  best  seen  by  thoroughly 
washing  the  feces  m  water,  and  pouring  off  the  tap  liquid  with  the  lighter 
floating  partides,  when  the  gall-stones  or  concretions,  if  present,  will  be 
found  in  the  bottom  of  the  vessd.  Animal  parasites  of  various  kinds 
or  their  eggs,  and  even  larvae  of  insects  are  sometimes  found  in  feces. 
Seeds  of  fruits,  fragments  of  stone,  metal,  or  other  accidental  substances 
will  occasionally  find  their  way  into  the  feces. 

Intestinal  Oases. — The  large  and  small  intestines  always  contain 
more  or  less  gas.  This  is  usually  a  mixture  c^  carbon  dioxide,  methane, 
nitrogen,  and  hydrogen.  In  strictly  normal  digestion,  unless  substances 
rich  in  sulphur  are  eaten  in  considerable  quantities,  sulphuretted  hy- 
drogen b  not  found  in  the  gases  of  the  colon.  The  CO,  is  derived  in  part 
from  bacterial  decomi)osition  of  carbohydrates  and  proteids,  and  in  part 
from  the  blood.    The  CH4  b  derived  from  the  bacterial  decomposition 
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Oi  carbohydrates  and  proteids,  but  especially  from  cellulose.  The 
nitrogen  is  partly  derived  from  the  blood,  partly  from  the  air  swallowed^ 
and  partly  from  decomposition  of  proteids.  The  hydrogen  is  derived 
from  fermentations  of  carbohydrates  and  proteids.  Butyric  fomen- 
tation of  sugars  generates  hydrogen.  The  following  table  gives  the 
percentage  composition  of  the  gases  of  the  large  intestine,  as  given  by 
Ruge: 


Vol.  in  ioo  Vols. 

Milk  Dibt. 

Meat  Di«t. 

Lbgubomoits 

I. 

II. 

I. 

II. 

III. 

I. 

II. 

IIL 

Curbon  dioxide, .   .   . 
Hydrogen,  .   .   .   •   . 

Marsh-gw, 

Nitrogen, 

X6.8 
433 

38.3 

9.9 

54.2 

36.V 

13.6 
3 

57.8 

X2.4 
2.1 

57.8 

8.4 

26.4 
64.1 

34 

2.3 
44.5 
19.1 

38.4 

1.5 

49.3 

X0.6 

21 

4 

1I9 

MILK. 

Milk  is  a  secretion  elaborated  by  the  cells  of  the  mammary  glands, 
the  presence  of  which  is  characteristic  of  the  mammalia.  The  organic 
constituents  of  milk  are  characteristic  and  are  therefore  not  separated 
from  the  blood,  but  prepared  by  the  cells  of  the  gland.  The  milk  of 
different  animak  differs  somewhat  in  composition,  but  always  contains 
the  same  constituents.  It  contains  all  the  necessary  constituents  of  a 
perfect  food,  and  is  intended  for  the  nourishment  of  the  young  until 
they  are  able  to  live  upon  other  foods.  It  is  an  opaque,  white  fluid, 
containing  fat  globules  and  casein  in  suspension,  albumin,  sugar,  and  salts 
in  solution.  The  reaction  of  human  milk  is  generally  feebly  alkaline  to 
litmus  paper;  that  of  the  cow  is  usually  neutral  or  faintly  acid  to  this  in- 
dicator, while  that  of  the  camivora  is  generally  acid.  Milk  readily  be- 
comes acid  or  sour  on  exposure  to  the  air,  due  to  lactic  fermentation. 
Microscopic  examination  reveals  the  fat  in  a  state  of  perfect  emul- 
sion, the  fat  globules  remaining  suspended  and  separate  from  one 
another.  It  is  believed  by  some  that  each  fat-corpuscle  is  surrounded 
by  an  albuminous  membrane.  Others  deny  the  existence  of  this  mem- 
brane. The  fluid  seen  between  the  globules  is  not  perfectly  clear,  but 
contains  small  granules  of  casein,  which  may  be  Altered  out  by  pass- 
ing it  through  a  clay  filter.  The  milk  which  is  secreted  for  the  fiirst  few 
days  after  parturition  is  viscid,  yellow  in  color,  of  high  specific  gravity, 
and  shows  the  presence  of  a  few  corpuscles  of  a  peculiar  character. 
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These  corpuscles  seem  to  be  epithelium  cells  containing  fat  riobules, 
which  they  have  not  yet  liberate.  These  cells  are  called  colostmm 
corpuscleSi  and  the  milk  of  the  first  few  days  of  lactation  is  called 
colostrum. 

The  sp.  gr.  of  milks  of  different  animals  varies  between  the  extremes 
1008  and  1045,  ^^^  average  being  about  1630  to  1032.  The  density  of 
milk  is  greatest  at  — 0.3°  C,  instead  of  +  4  as  of  water.  The  specific 
heat  of  cows'  milk  at  28.2°  C.  is  0.9351.  Its  freezing  point  is  between 
— 0.54*^  and  — 0.58*^  C.  The  opaque  white  appearance  of  milk  is  partly 
due  to  the  dispersion  of  light  by  the  fat  corpuscles  and  partly  by  the 
suspended  casein.  Removal  of  the  fat  does  not  remove  the  white 
color  or  make  the  milk  transparent. 

The  specific  gravity  of  milk  b  usually  determmed  with  the  hy- 
drometer. The  specific  gravity  of  cows'  miUc  varies  from  1029  to  1035. 
An  excess  of  fat  lowers  the  specific  gravity  and  the  removal  of  fat  raises 
it.  The  addition  of  water  will  lower  the  specific  gravity.  These  facts 
are  made  use  of  for  the  detection  of  the  ordinary  adulterations  of  milk. 

The  amount  of  milk  secreted  varies  with  the  health  of  the  animal, 
the  amount  of  food  taken,  and  various  other  conditions.  The  amount 
secreted  by  a  woman  each  day  is  about  i  liter.  A  good  cow  secretes 
about  7  to  12  liters.  The  composition  of  milk  varies  in  different  classes 
of  animals  with  the  state  of  nutrition  of  the  animal,  the  constitution,  the 
age,  the  period  of  lactation,  and  the  character  of  the  food. 

Composition  of  Milk. — ^The  published  analyses  of  milk  are  very 
numerous,  and  the  older  analyses,  made  by  older  methods,  differ  some- 
what from  the  analyses  made  by  more  recent  methods.  It  is  very  difl&cult, 
therefore,  to  give  the  exact  composition  of  normal  milk,  especially  of 
human  milk.  The  comparative  composition  of  human  milk  and  cows' 
milk  is  given  in  the  following  table: 

COMPOSITION  OF  HUMAN  AND  COWS'  MILK. 
Human  Milk.  Cows'  Milk. 

Avenie  of  173  analyses  (KOnig).         Average  of  4^  analyses  (Kfinig). 
Mulimiun.    Majdmtm.        Mean.       Mf^m,        Minuniun.      Majdnmin. 

Specific  gravity, . . .  1020  10364  10298 

Water, 83.88  91.40  87.58 

Total  solids, 8.60  16.12  12.42 

Casein, 0.20  1.85  0.80 

Albumin 0.28  248  1.21 

Fat, 1.27  6.20  3.74 

Sugar, 1.78  8.76  6.37 

Salts, 0.13  1.87  0.30 


103 14  10246  10368 

87.13  80.32  90.22 

12.87  978  197^ 

2.81  1. 91  4-65 

0.60  0.23  1. 61 

3-79  148  9.f8 

4.90  3.23  5.68 

0.77  0.50  145 


The  above  figures  for  albumin  and  sugar  were  mostly  determined  by 
ibe  di£Ference  between  the  total  solids  and  the  nitrogenous  substance. 
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There  may,  therefore,  be  some  question  of  the  accuracy  of  these  numbers, 
as  shown  by  the  analysis  of  human  milk  by  Camerer  and  Sdldner: 


Eighth 
to  nth  day. 

Water, 87.75 

Solids, la.as 

Fat  (ether  extract), 3.14 

Lactose,  6.a6 

Casein, 0.91 

Albumin, 1 0.6a 

Citric  acid, 0.05 

Unknown  extract, 0.91 

Ash, 0.27 


Twentieth 

Seventieth 

After 

to  40th  day. 

to  140th  day. 

xTodaya. 

87.6a 

88.4a 

88.64 

ia.38 

11.58 

11.36 

3-90 

3-^ 

3.II 

6.47 

6.78 

6.78 

0.55 

0.46 

It 

I.19 

1.00 

0.05 

0.05 

0.05 

O.SS 

0.46 

0.35 

0.2a 

o.ao 

0.20 

The  following  table  shows  some  of  the  chief  differences  between 
human  and  cows'  milk  not  shown  in  the  above  tables  of  composition. 
These  differences  are  not  all  those  which  really  exist,  but  enough  to 
show  the  complexity  of  these  differences. 


TABLE  SHOWING  DIFFERENCES  BETWEEN  HUMAN  AND 
COWS'  MILK. 


Human  Milk. 

Cows'  Miuc. 

t^hysical  appearance. 

Bluish,  translucent,  odorless, 
sweetish. 

Opaque,  white  or  yellowish- 
white,  distinct  odor,  feebly 
sweet  taste. 

Specific  gravity. 

ioa6  to  1036. 

loap  to  1035. 

Reacdon. 

Amphoteric  or  slighUy  alka- 
line. 

Amphoteric  or  slighUy  add; 
becomes  quickly  add  on 
exposure  to  air. 

Behavior  on  boiling. 

Does    not    coagulate,    and 
forms  a  very  shght  pellicle, 
scarcely  observable. 

Does  not  coagulate,  but  forms 
a  distinct  pellide  of  casdn 
and  lime-salts. 

Spontaneous  coagula- 
tion. 

Coagulates  only  after  one  to 
two   days,    at   room-tem- 
perature. 

Coagulates  after  six  to  twelve 
hours  at  room-temperature; 
due  to  lactic  add. 

Coagulation  with  ren- 
net. 

Coagulates  incompletely  in 
small,     isolated     flocculi, 
never  forming  visible  curds. 

Coagulates  at  body  tempera- 
ture, separating  into  curdy 
masses  and  opakscent  whey. 

Fat. 

Butter  yellowish,  similar  to 
cow-butter;  sp.  gr.  at  15** 
C— 0.966;  melts  at34'»C. 

Butter  yellow-white;  sp.  gr. 
at  IS®  C.  —  0.949  to  0.996; 
melts  at  3S.8*>  C. 
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ConHnmed. 


PlOPnTUB. 

Human  Milk. 

Cows'  M11.K. 

Compoution  of  fat. 

Olein,    palmitin,      stearin, 
butyrin,  caprin,    caproin, 

Olein,  palmitin,  stearin,  ca- 
proin, caprylin,  caprin,  Uu- 
rin,  myristin,  arachin,  buty- 
rin, ledthin,  cholesterin. 

Relation  of  adds. 

Volatile     adds     reUtivelr 
smaU;  oldc  arid,  one-half 
non-volatile  adds. 

Volatile  adds  rdatively  large, 
oldc  add  small,  pahnitic 
and  stearic  large. 

Casein. 

Piedpitated  with  difficoltf 
by  salts  and  adds;   easily 
soluble  in  adds;  leaves  no 
pseudonudein  with  peptic 
digestion. 

Predi^Uted  easQy  by  salts 
and  adds;  precipitate  not 
easily  soluble  in  excess  of 
adds;  leaves  residue  of 
pseuctonudein. 

Composition  of  pro- 
tciST 

Lactalbumin,  lactoglobulin, 
and  casein;  ratio  of  casein 
to  albumin,  i  to  a  (?). 

I  to  7,  or  even  i  to  10. 

Mineral  matters. 

Relativdy    small    amount; 
contains  one-sixth  as  much 
CaO   and   one-fourth  as 
much  Pfi^  as  cows'  milk. 

Contains     reUtivdy     large 

Nudein  and  ledthin. 

Nudein,   i.a  gm.  per   liter 
(Siegfried);     ledthin,    1.7 
gm.  per  liter  (Stoklasa). 

Nudein,  0.6  gm.  per  liter 
(Siegfried);  ledthin,  i  gm. 
per  Bter  (Stoklasa). 

Bacteria. 

Generally     sterile;      rardy 
staphylococcus  albus  and 
aureus. 

Contains  numerous  bacteria, 
and  occasionally  typhoid, 
diphtheria,  tubercular  or- 
ganisms, etc. 

Citric  add. 

About  0.05  per  cent. 

About  0. 1  to  0.15  per  cent. 

Enzymes. 

Amylase,  lipase,  and  fibrin 

Amylase,  oxidase,  and  prote- 
olytic ferment. 

Umikoff's  reaction. 

Positive. 

Negative. 

Foremilk  and  Strippings. — By  ''foremilk"  is  meant  the  first 
milk  taken  from  a  full  udder;  by  strippings  is  meant  the  last  portion 
taken.  There  b  a  marked  difference  in  the  composition  of  the  two, 
as  shown  by  the  following  examples: 

Sp.  Gk.  Watbs.  Souds.  Piomos.  Fat.  Sugae. 

f  Foremilk;  first  quart 1034  89.53  i<5^47        2«94  i-7o        5-i3 

(Strippings;  last     "     1031  87.33  ^^'^7       ^•9^  4*^       4-9^ 

f  Foremilk;  first  quart 1034  89. C5  10.45       3*^7  ^'A^       5*'^ 

^tStripfungs;  last     "     ioa6  83.8a  16.18       4.09  7.37       4.7a 
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Human  milk  shows  the  same  variations  as  those  shown  in  these  ex- 
amples of  cows'  milk.  The  importance  of  this  fact  in  taking  a  sample 
of  mothers'  milk  for  analysis  is  self-evident. 

Aibumoses  and  Peptones. — Babcock  and  Russell  claim  to  have 
found  these  substances  as  a  constant  constituent  of  cows'  milk  in  a 
large  number  of  analyses.  Their  analyses  showed  an  average  of  0.33  per 
cent,  of  these  proteids.  A  number  of  other  chemists  have  failed  to 
confirm  their  results,  when  fresh  milk  is  examined. 

The  Extractives. — Besides  the  nitrogen  existing  m  milk  as  proteids, 
there  is  also  some  present  in  other  forms.  These  substances  are  usually 
called  extractives.  These  extractives  are  found  to  the  extent  of  about 
one  per  cent,  in  colostrum,  and  gradually  diminish  as  lactation  proceeds. 
These  substances  are:  lecithin,  i  gm.  per  liter  in  cows'  milk  and  about 
twice  as  much  m  human  milk;  cholesterin,  0.3  gm.  per  liter  in  himian 
milk;  urea;  creatin;  lipochrome,  the  yellow  pigment  of  butter; 
hypoxanthin,  odorous  prmciple,  soluble  in  CS,;  nuclein;  nucleon,  of 
which  cows'  milk  contains  0.5  gm.  and  human  milk  1.2  gm.  per  liter, 
and  several  different  enzymes.  There  should  be  added,  here,  that  prob- 
ably aibumoses  and  peptones  go  to  make  up  a  part  of  the  so-called 
extractives.  The  importance  of  some  of  these  substances  in  nutrition 
has  been  known  for  some  time,  while  others  are  to  be  regarded  as  ac- 
cidental or  excrementitious. 

Citric  acid  has  been  found  m  cows'  milk  in  quantities  of  i  to  1.5 
gm.  per  liter  (Henkel  and  Soxhlet). 

.  The  amount  found  in  human  milk  is  much  less  than  in  cows'  milk. 
It  exists  in  combination  as  potassium  citrate,  which  is  converted  into 
calcium  citrate  and  precipitated  as  such  on  adding  ammonia  or  on 
boiling  the  milk. 

Enzymes.— Vital  Properties  of  Milk.— Until  recently  rtiilk  was 
not  regarded  as  possessing  living  or  vital  properties.  We  now  know 
that  fresh  milk  contains  certain  substances,  such  as  enzymes,  alexines, 
agglutinins,  bacteriocidins,  etc.,  which  are  the  result  of  protoplasmic 
action  and  which  possess  activities  akin  to  living  protoplasm. 

The  enzymes  that  have  been  found  in  milk  are  amylase,  abundant 
and  active  in  human  milk  and  very  feeble  in  cows'  milk;  lipase,  or 
fat-splitting  ferment,  also  much  more  active  in  human  than  cows'  milk; 
oxidase,  or  an  oxidizing  ferment,  giving  a  red  color  with  an  equal 
volume  of  aqueous  solution  of  guaiacol  and  2  to  3  drops  of  H^O,,  active 
in  cows',  sheep's,  and  dogs'  milk,  but  nearly  absent  from  human  milk; 
a  fibrin  ferment  found  in  human  and  not  in  cows'  milk;  a  proteolytic 
ferment  active  in  cows'  milk.  These  ferments  are  destroyed  by  a  boil- 
ing temperature  and  probably  at  78°  C.  (172.4®  F.). 
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These  enz3rmes  are  probably  of  use  to  the  infant  in  promoting  the 
digestion  of  the  milk,  while  its  secretion  of  digestive  enzymes,  as  well  as 
the  secretion  of  certain  glands,  is  insufficient.  We  know  very  little'of  the 
alexines  and  agglutinins  in  milk,  except  that  they  pass  from  the  blood 
of  the  mother  into  the  milk.  It  is  a  well-known  fact  that  cows'  milk 
has  a  bactericidal  action  which  is  most  active  at  body  temperature,  and 
which  lasts  for  six  to  nine  hours.  (See  Bacteria  in  Milk.)  It  is  thus 
evident  that  mammals  provide  a  milk  for  their  young  which  contains 
not  only  the  constituents  known  to  the  analyst,  but  certain  living  or 
physiologically  active  properties,  which  can  be  destroyed  by  heat  or 
by  antiseptics.  These  active  properties  are  not  the  same  for  all  milks, 
and  therefore  prevent  the  perfect  substitution  of  one  animal's  milk  for 
that  of  another  species  in  the  nourishment  of  the  young. 

Umikoff's  Reaction. — ^Another  property  of  human  milk  is  that 
known  by  the  name  above  given.  When  to  5  c.c.  of  human  milk  2.5  c.c. 
of  a  ten  per  cent,  solution  of  NH^OH  is  added,  and  the  mixture  warmed 
to  about  60**  C.  (140°  F.)  on  a  water-bath  for  a  few  mmutes,  the  mixture 
assumes  a  reddish-violet  color.  This  almost  constant  reaction  of  human 
milk  fails  with  cows'  milk  as  well  as  with  the  milk  of  other  herbivora. 
It  can  thus  be  used  to  distinguish  human  from  other  milks.  Umikoff 
believes  it  can  be  used  to  determine  the  duration  of  lactation,  as  the 
intensity  of  the  reaction  increases  as  the  period  of  lactation  increases. 
Brudzinski  does  not  confirm  this  statement. 

Proteins. — ^The  chief  proteins  which  occur  in  milk  are  the  following: 
Casein,  lactalbumin,  lactoglobulin,  lactoprotein,  albumose,  and  peptone. 
Of  these,  the  first  two  are  present  in  considerable  quantities,  while  the 
others  are  present  in  very  sniall  quantity.  When  milk  is  allowed  to  stand 
at  the  ordinary  temperatiure,  a  part  of  its  lactose  is  converted*  by  fer- 
mentation into  lactic  acid.  When  this  has  accumulated  to  a  consider- 
able extent,  the  casein  k  precipitated.  When  milk  is  treated  with  rennin, 
or  gastric  juice  containing  this  ferment,  the  casein  is  rapidly  converted 
into  paracasein,  and  at  the  same  time  coagulation  or  precipitation 
occurs.  When  rennet  is  added  to  cows'  milk,  the  result  is  a  coherent 
dot  or  curd,  and  a  dear,  yellowish  fluid  called  whey.  The  curd  con- 
tains the  fat  entangled  with  the  paracasein.  The  whey  contains  the 
albumin,  sugar,  and  salts.  In  human  milk  the  curd  is  formed  of  smaller 
flocculi,  and  the  same  appearance  may  be  produced  with  cows'  milk  if 
it  be  previously  largely  diluted  with  lime-water.  Casein  somewhat 
resembles  the  globulins  in  its  behavior  with  neutral  salts.  The  globu- 
lins, however,  coagulate  when  heated,  while  casein  does  not. 

Casein. — The  caseins  of  the  milks  of  different  mammals  are  different. 
Casein  k  the  chief  constituent  of  cheese.  For  the  properties  of  casein 
see  page  498. 
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Lactalbumin. — After  the  precipitation  of  the  casein  by  acetic  acid, 
this  protein  is  left  in  the  solution.  The  scum  which  forms  on  the  top  of 
milk  on  boiling,  is  probably  formed  by  the  coagulation  of  a  part  of  the 
lactalbumin  mixed  with  casein.  Lactalbumin  is  not  identical  with 
serum-albiunin,  but  resembles  egg-albumin  in  constitution  and  chi^ 
properties.  The  lactalbumin  is  nuxiified  by  boilii^;,  being  converted 
into  a  colloidal  condition,  which  precipitates  on  adding  acid  to  the  cold 
boiled  milk. 

Lactoglobulin.— Various  observers  have  discovered  other  proteins 
than  the  two  mentioned  above.  Lactoglobulin,  whey  proteid,  lacto- 
protein,  galactin,  nucleon,  urea,  hypoxanthin,  cholesterin,  yellow  lipo- 
chrome,  proteoses,  peptones,  certain  enzymes,  and  nudein  have  been 
mentioned  as  occurring  in  milk,  but  our  knowledge  of  the  amount 
present  is  so  slight  that  we  will  pass  them  with  the  mere  mention.  It  is 
claimed  by  some  that  the  supposed  presence  of  some  of  them  is  due  to 
faulty  methods  of  examination. 

Fat. — ^The  fat  of  milk  is  found  su^>ended  in  the  milk-serum  in  the 
form  of  a  fine  emulsbn.  When  a  drop  of  milk  is  examined  with  a 
microscope,  a  great  number  of  highly  refracting  globules  are  seen  which 
appear  to  be  inclosed  in  an  envdope  or  membrane.  Much  discussion 
has  taken  place  as  to  whether  such  a  membrane  exists,  and  opinions  still 
differ  on  this  point.  When  milk  leaves  the  manmiary  gland  these 
corpusdes  are  free,  but  they  soon  collect  in  groups.  The  serum  does 
not  appear  homogeneous  and  dear,  but  granular.  These  granules  are 
composed  of  casein,  which  is  therefore  not  in  solution,  but  in  sus- 
pension and  loosely  combined  with  caldum  phosphate.  The  diameter 
of  the  fat-corpusdes  varies  from  2  to  ao  p.  They  are  larger  in  very 
rich  milk  and  smaller  in  poor  milk. 

The  composition  of  the  fat  of  human  and  cows'  milk  differs  some- 
what. Human  milk-fat  contains  more  triolein  and  less  glycerids  of  the 
volatile  fatty  adds,  than  cows'  milk.  The  sp.  gr.  of  milk-fat  is  about 
0.930  at  15^  C.  (59.5^  F.)  and  0.9118  at  37.8^  C.  Itiuses  at  about  33*^  C. 
(91.4^  F.).  It  may  be  dissolved  out  of  milk  with  solvents  only  after 
treatment  with  an  alkali.  It  is  soluble  in  ether,  petroleum  etho-,  CS^ 
acetone,  and  CHCl,. 

As  the  fat-globules  are  lighter  than  the  serum,  they  gradually  rise  to 
the  surface  and  form  a  layer  known  as  cream. 

A  fair  market  milk  will  give  from  10  Jto  12  per  cent,  of  cream  in  24 
hours,  while  rich  milk  will  frequently  give  from  15  to  20  p^  cent.,  or 
even  more. 

Butter  is  the  fat  of  milk  in  which  the  fat-globules  are  separated 
from  the  other  constituents  by  mechanical  agitation  in  the  chum. 
About  one-sixth  of  the  fat  remains  in  the  buttermilk.    Buttermilk  con« 
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tains,  therefore,  about  from  0.5  to  i  per  cent,  of  fat.  Butter  also  contains 
small  quantities  of  casein  and  lactose.  Butter  from  human  milk  is 
richer  in  fluid  fats  than  that  made  from  cows'  milk.  By  exposure  to  the 
air  butter  becomes  rancid,  due  to  the  saponification  of  some  of  the 
tri-but3ann  present  in  it. 

Milk-sugar^  as  will  be  seen  in  the  above  table,  occurs  to  the  extent 
of  about  4.9  per  cent,  in  cows'  milk,  and  about  6.4  to  6.9  per  cent,  in 
human  milk.  The  characteristics  of  this  sugar  have  been  described 
in  Part  V.  There  seems  to  be  a  slight  difference  between  the  sugar  of 
cows'  and  of  human  milk. 

The  salts  of  milk  are  the  phosphates  of  potassium,  sodiiun,  calcium, 
and  magnesium,  with  chlorides  of  potassium  and  sodium,  and  a  trace 
of  iron,  which  is  in  combination  in  the  nuclein.  The  most  of  the  phos- 
phorus of  human  milk  and  about  one-half  that  of  cows'  milk  exists  in 
organic  combination  in  the  nuclein  and  lecithin. 

Soklner  gives  the  following  as  the  most  probable  composition  of  the 
salts  of  cows'  milk: 

Pebcentage  of 
Total  Salts. 

Soditun  chloride,  NaCl, •...• 10.62 

Potassium  chloride,  KCl, ....._,._.... 9.16 

Monopotassium  pbospliati*,  KH^PO^, 12.77 

Dipotassium  phosphattT  KjHPO^,. 9.22 

Potassium  citrate,  R2(C^,HJ^07)t. 5.47 

Magnesium  dtrate,  Mg^^iCJifiT)^  ,  _ 4.05 

Magnesium  hydrogen  phc^phalc,  MgHPO^, 3.71 

Calcium  hydrogen  phosphiiiet  CaHPO^* " 7.42 

Tricaldum  phosphate^  CajCPOj,,,,,, 8.90 

Caldimi  dtrate,  CgaCCBH^O,)^.-, - 23.55 

Caldum  oxide  combined  with  caseiD« * 5.13 


He  gives  the  following  numbers  calculated  to  grams  per  liter: 

Dicaldum  phosphate, 0.67 1  gm.  Magnesium  dtrate, 0.495  8™* 

Tricaldum  phosphate, 0.806    "  Potassium  dtrate, 0.485    " 

Caldum  dtrate, 2.133    "  Monopotassium  phosphate,.!.  156    " 

Caldum  oxide  (in  combination  Dipotassium  phosphate, 0.835    " 

with  casdn), 0.465    "  Potassium  chloride, 0.830    " 

Dimagnesium  phosphate, 0.336   **  Sodium  chloride, 0.962    " 

The  following  table  gives  the  composition  of  the  ash  of  whole  milk, 
cream,  buttermilk,  and  whey  ( W.  Flekchmann) : 

K  Na  CaO  MgO  Fe,0,  PjOs  CI.  SO, 

Per  Per  Per  Per        Per  Per  Per  Per 

cent.  cent.  cent.  cent.  cent.  cent.  cent.  cent. 

Whole  milk, 23.5  ii-4  22.6  a.8  om  37.7  15.  — 

'^                                                         ^.6  8.5  M.8  3.3  2.8  ai.a  14.5 

4-6  11.6  19.8  3.6  Trace  30.0  13.3 

Butter.      194  7-7  33-2  3*3  Trace  444  a.6  Trace 


Bnttcrmilk, 34.6  11.6  19.8  3.6  Jrace  30.0  13.^  Jj^^^ 

^  Inwdewitii  rennet)  (SclMt- 

..**"'•    •  :« 3°S  '3-8  19.3  0.36  0.55  17.  15.X  2.7 

Hmnan  milk, 33.8  9.2  x6.6  2.2  0.35  aa.y  184  i^ 
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It  is  worthy  of  note  that  cream  contains  a  large  part  of  the  iron  of  the 
milk,  while  buttermilk  and  skim-milk  contain  less  than  whole  milk. 
Whey,  on  the  other  hand,  when  made  with  rennet  contains  the  iron. 
The  phosphates  are  nearly  equally  divided  between  the  whey  and  the 
separated  curd. 

When  cows'  milk  is  filtered  through  an  unglazed  clay  filter,  the  con- 
stituents are  separated  into  a  gelatinous  mass,  which  remains  on  the 
filter,  and  a  clear  straw-yellow  serum.  The  gelatinous  mass  contains 
practically  all  the  fat  and  casein,  almost  all  the  calcium  phosphate, 
about  60  per  cent,  of  the  lime,  and  nearly  one-half  the  phosphoric  acid. 
These  constituents  are  therefore  not  in  true  solution  in  the  milk-serum, 
but  in  a  state  of  suspension.  The  serum  contains  practically  all  the 
sodium  chloride,  the  potassium  salts,  a  little  more  than  one-half  the 
phosphoric  acid,  90  per  cent,  of  the  sodium  salts,  40  per  cent,  of  the 
lihie,  and  65  per  cent,  of  the  magnesium. 

Reaction. — ^The  reaction  of  fresh  cows'  milk  is  amphoteric, — f .  «., 
it  changes  blue  litmus  to  red  and  turmeric  paper  slightly  brown.  This 
property  is  common  to  other  fluids  containing  the  alkaline  phosphates. 
It  does  not  redden  phenolphthalein.  The  reaction,  then,  is  different 
with  different  indicators.  On  warming  the  milk,  the  alkaline  reaction 
becomes  more  marked,  but  the  acidity  of  the  milk  is  not  changed.  The 
so-called  acidity  of  cows'  milk  has  been  emphasized  beyond  its  impor- 
tance, as  the  reaction  is  largely  a  question  of  indicators.  Human  milk 
has  a  feebly  alkaline  reaction  with  litmus.  Market  milk  is  almost  in- 
variably acid,  because  of  fermentative  changes  produced  by  bacteria 
sown  in  from  the  air  during  and  after  milking.  The  acidity  does  not, 
however,  run  parallel  with  the  number  of  bacteria  it  contains.  The 
acidity  is  not  a  measure  of  the  bacterial  contents  of  a  milk. 

Thomer  found  that  three  to  four  hours  after  milking  it  required  from  1.2  to  1.6 
c.c.  of  decinormal  alkali  to  neutralize  10  c.c.  of  milk,  using  phenolphthalein  as  the 

indicator.    After  ten  hours  it  required  1.4  to  2.5  c.c.  —  KOH;   after  thirty-six 

hours  it  required  1.7  to  6  c.c;  after  seventy-two  hours  it  required  3.0  to  lo.o  c.c. 
to  neutralize  10  c.c.  of  the  milk.    He  found  that  cows'  milk  coagulates  on  boiling 

when  the  acidity  requires  2.3  c.c.  of  ^KOH  to  neutralize  10  c.c.  of  it. 

Adopting  2  c.c.  as  the  permissible  limit,  a  simple  test  is  as  follows;  Mix  10  c.c 
of  the  well-mixed  sample  with  20  c.c  of  distilled  water  and  a  few  drops  of  phenol- 
phthalein indicator  solution.  Now  add  2  c.c.  of  —  NaOH  or  KOH,  and  mix 
well.    If  it  assumes  a  pinkish  color,  the  milk  may  be  boiled  without  coagulating. 

When  the  acidity  of  milk  increases  it  finally  reaches  a  point  where 
the  casein  coagulates,  and  the  milk  finally  separates  into  curd  and  whey, 
which  can  be  separated  by  filtration  through  paper. 

Bacteria  in  Milk. — Milk,  when  secret^,  is  a  sterile  liquid.    As  it  b 
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obtained  from  the  udders,  or  mammae,  it  b  rarely  stoile  even  in  the 
human  subject.  Bacteria  find  their  way  into  the  milk  tubes  during  the 
interval  between  milkings,  and  are  washed  out  with  the  first  milk  taken. 
,  Later,  during  the  milking,  very  few  will  be  found  in  the  milk,  and  in 
some  cases  the  milk  has  been  found  sterile. 

As  ordinarily  obtained,  cows'  milk  contains  from  a  few  hundred  to 
many  thousands  of  bacteria  in  each  cubic  centimeter  immediately  after 
milking.  Over  two  hundred  different  kinds  of  bacteria  have  been 
isokted  from  milk.  The  number  and  kind  will  vary  with  the  environ- 
ment and  care  of  the  cows.  To  obtain  cows'  milk  containing  few 
bacteria  it  is  necessary  to  reject  the  first  few  strippings  from  each  teat, 
and  collect  the  remainder  in  a  separate  sterile  receptacle.  There  are 
certain  micrococci  which  frequently  invade  and  remain  in  the  udder, 
while  there  are  a  variety  of  other  bacteria  which  are  only  occasionally 
found.  Streptococci  have  been  found  to  persist  in  the  nulk  of  a  single 
cow  for  months  at  a  time. 

The  most  common  effect  of  bacteria  in  milk  is  the  simple  souring,  or 
lactic  acid  fermentation.  Other  changes  occasionally  produced  are 
red  milk,  blue  milk,  bitter  milk,  slimy  milk,  tainted  milk,  etc.  The 
souring  of  milk  is  caused  by  a  number  of  species  of  bacteria,  which  have 
the  power  of  cleaving  the  sugar  molecule  into  lactic  acid  and  carbon 
dioxide. 

It  occasionally  happens  that  poisonous  bodies  are  produced  by  the 
growth  of  bacteria  in  milk,  and  epidemics  of  serious  illness  caused  by 
such  poisons  have  been  reported.  Specific  pathogenic  bacteria  are 
sometimes  carried  by  milk.  The  specific  diseases  of  cattle  which  it  is 
claimed  can  be  transmitted  by  the  milk  are  foot-and-mouth  disease, 
tuberculosis,  and  possibly  anthrax.  The  bacteria  of  certain  human 
diseases  have  been  known  to  be  carried  by  milk.  These  are  diphtheria, 
scarlatina,  measles,  and  typhoid  fever.  A  large  number  of  epidemics 
have  resulted  from  this  cause.  While  most  of  the  bacteria  found  in 
milk  are  not  pathogenic,  the  changes  they  produce  are  harmful,  espe- 
cially to  infants,  either  because  of  infection  by  these  bacteria,  or  because 
of  disturbances  caused  by  the  by-products  of  their  growth. 

Number  of  Bacteria. — As  we  have  said  above,  the  number  of 
bacteria  in  cows'  milk  inunediately  after  ordinary  milking  varies  from 
a  few  hundred  to  many  thousand  in  each  cubic  centimeter.  The 
number  of  bacteria  rapidly  increases  after  milking.  The  rapidity 
of  the  growth  of  these  organisms  depends  upon  the  temperature  and  the 
time  allowed  for  growth. 

Miquel  states  that  a  difference  of  lo®  C.  (i8®  F.)  or  from  59**  to  ^f  F.  made 
a  difference  In  milk  kept  for  fifteen  hours  of  71,900,000  bacteria  m  i  c.c. 
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Cnopf  found  that  the  bactezia  in  a  milk  multiplied 

7}  times  in  i  hour  at  34**  C  (93**  F.)  and  none  at  12.5°  C.  (154.5**  F.). 
23    times  in  a  houis  "   "  "         "         4  times  at  12.5^  C.  (54.5'*  F.). 

6a        "     "    t     *'      "   "  "  "  6      **      ** 

2..  ((<«.<!  «      <«  »  «  «  O  II  <l  II  M 

1830        "     "   5     "      "   "  "  **        26     "      "        "  " 

^gOQ  ««        «l      g        «  «      «  «  II  .^g         II  II  M  M 

About  200  varieties  of  bacteria  have  been  isolated  from  cows'  milk.  Most  of  these 
bacteria  are  harmless  to  persons  drinking  the  milk;  some  of  them  are  indifferent 
in  their  action  on  the  milk  itself ;  some  are  useful;  some  are  indirectly  injurious  and 
some  directly  injurious  to  the  milk. 

Pathogenic  organisms  may  find  their  way  into  milk  either  from  the  animals  (x* 
from  tlw  imlkers  or  by  contaminated  water  or  utensils.  Milk  may  thus  become  the 
carrier  of  specific  disease  germs,  and  the  disseminator  of  contagious  or  infectious 
diseases. 

The  chief  sources  of  bacterial  contamination  of  cows'  milk  are  the  bacteria, 
which  inhabit  the  milk  tubes  in  the  interval  between  milkings,  organisms  derived 
from  dirt  dropping  into  the  milk  during  the  milking,  either  n-om  a  dirty  udder  or 
from  the  milker's  hands  or  clothing,  or  from  dust  in  the  air  of  the  stable  in  which 
the  milking  is  done.  The  greater  number  of  these  bacteria  are  what  are  termed 
saprophytic  bacteria,  or  mose  commonlv  found  in  all  fermenting  or  decaying 
solutions.  Nearly  all  these  saprophytic  bacteria  sooner  or  later  coagulate  the 
casein  of  milk  and  then  begin  to  dissolve  the  coagulum.  There  is  a  simultaneous 
conversion  of  the  lactose  into  lactic  acid.  These  changes  are  brought  about  by  the 
secretion  of  enzymes,  some  of  which  have  the  effect  of  rennin. 

The  conversion  of  lactose  into  lactic  add  is  principally  accomplished  by  the 
bacterium  lactis  aSroganas  and  a  varie^  of  the  colon  bacillus,  although  other 
varieties  of  bacteria  can  accomplish  it.  The  lactic  acid,  sooner  or  later,  begins  to 
undergo  conversion  into  butyric  add,  under  the  influence  of  the  bacillus  butyricus, 
when  the  milk  gives  off  the  odor  of  rancid  butter  or  of  old  cheese.  The  lactic 
add,  when  produced  in  sufficient  amount,  causes  a  predpitation  of  the  casein. 
Certain  saprophytic  bacteria  may  cause  a  predpitation  of  the  casein  without 
the  aid  of  lactic  add.  These  are  chiefly  the  Dacillus  subtiliSy  the  bacdllus 
mesentoriou  vulgatus,  vibrio  butyricus,  and  the  tyrothrix  of  Duclauz. 
All  these  organisms  may  precipitate  the  casdn  without  previous  souring.  It 
has  been  shown  experimentally  tnat  nulk-sugar,  sucrose,  ana  even  glucose  inhibit 
the  growth  of  these  casdn-digesting  or  putre£s[ctive  bacteria.  This  is  probably 
because  the  sugars  feed  the  lactic -add  producing  organisms,  and  the  add  inhibits 
the  growth  of  the  other  bacteria.  These  harmful  bacteria  are  carried  by  filth, 
and,  when  proper  precautions  are  observed  in  milking  and  subsequent  handling, 
few  of  these  bacteria  are  present. 

The  larger  amount  ot  protdds  and  smaller  amount  of  sugar  in  cows^  milk,  than 
in  human  milk,  makes  the  former  more  liable  to  favor  the  growth  of  putrefactive 
bacteria  in  the  intestinal  canal  than  the  latter.  This  is  one  of  the  elements  of 
danger  in  feeding  unmodified  cows'  milk  to  infants.  Many  putrefactive  bacteria 
secrete  enzymes  similar  in  action  to  trypsin,  which  has  been  named  caaeaae,  and 
the  peptone  produced,  caseon.  Lactose  hinders  the  growth  of  these  ferments. 
This  action  of  milk-sugar  is  not  shared  by  the  other  sugars,  which  fact  has  a  marked 
importance  in  infant-feeding.  Pure  cultures  of  these  ferments,  when  given  to  dogs 
or  cats,  causes  diarrhea,  aiul  their  growth  in  a  milk  is  an  etiological  factor  in  tb» 
production  of  diarrhea  in  infants. 
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Several  poiaoiious  subsUnces  have  been  isolated  from  fermenting  milk,  which 
maj  occasionally  cause  serious  illness  in  young  children  fed  upon  suS  a  milt, 

The  Gennicidal  Action  of  ]lilk.~When  fresh  milk  is  kept  in  a 
ck)sed  vessel  after  milking,  the  number  of  bacteria  decreases  for  a  number 
of  hours.  The  rapidity  of  this  decrease  varies  with  the  temperature,  and 
with  the  milk  of  different  cows.  It  b  entirely  absent  in  certain  cows. 
When  the  milk  is  kept  at  a  temperature  of  about  4.5®  C.  (40®  F.)  the 
decrease  in  the  number  of  bacteria  is  not  great,  but  continues  for 
forty-eight  hours.  The  germicidal  action  of  the  milk  b  more  rapid  at 
10®  C.  (50*^  F.)  and  the  number  of  bacteria  .grows  less  for  twenty-foiu: 
hours.  At  21®  C.  (70®  F.)  it  b  still  more  rapid  for  about  six  hours, 
when  they  begin  to  increase  rapidly. 

In  the  mixed  milk  of  a  herd  thb  germicidal  action  generally  ceases 
after  from  six  to  nine  hours.  If,  then,  the  milk  b  taken  with  care  as  to 
contamination,  and  b  cooled  to  40^  F.  within  three  hours  and  kept  at  that 
temp^ature,  the  number  of  bacteria  should  not  increase  above  the 
number  present  immediately  after  the  milking,  for  forty-eight  hours. 

Certiiled  MiUc — ^With  reasonable  care  in  grooming  cows,  washing  the  udders 
before  milking,  washing  the  hands  of  the  milker,  keeping  the  air  of  the  milking 
room  free  from  dust,  the  use  of  a  little  vaselin  on  the  hands  during  the  milking; 
properly  cleansing  and  sterilizing;  the  pails,  strainers,  etc.;  rejecting  the  first  few 
strippings  from  each  teat,  and  cooling  the  milk  as  soon  as  possible  after  milking, 
it  may  be  produced  and  delivered  within  forty-eight  hours  after  milking  con- 
taining less  than  5000  bacteria  in  each  cubic  centimeter.  Such  milk  is  now  pro- 
duced in  many  of  our  large  cities,  and  b  known  as  certilled  milk,  or  giiaimn- 
teed  milk,  b^use  its  purity  and  low  bacterial  contents  is  certified  to  by  a  Com- 
mission, established,  in  most  cases,  by  some  medical  society.  When  a  milk  con- 
tains an  excessive  number  of  bacteria,  at  any  time  within  seventy-two  hours  after  it 
is  milked,  it  indicates  that  it  has  been  contaminated  with  dirt,  or  that  it  has  not 
beexiproperly  handled. 

Ijiere  is  no  constant  relation  between  the  number  of  bacteria  and  the  acidity 
of  a  milk.  The  degree  of  acidity  will  depend  upon  the  character  of  the  organisms 
present 

Colostrum  b  the  name  given  to  the  secretion  of  the  mammary  gland 
before  and  inunediately  after  parturitbn.  Thb  b  a  viscous  fluid  of  a 
yellow  color,  coagulating  when  heated  to  boiling,  and  abo  by  the  addition 
of  acetic  acid,  mercuric  chloride,  alcohol,  and  rennet.  It  usually  sepa- 
rates on  standing  mto  two  layers,  the  upper  layer  containing  most  of 
the  yellow  coloring  matter. 

The  proteins  of  colostrum  consbt  of  casein',  albumin,  globuUn, 
nudeo-albumin,  and  albumoses.  It  is  especially  rich  in  globulin,  which 
accounts  for  the  fact  that  it  coagulates  on  boiling.  It  contains  abo 
lecithin,  cholesterol,  tyrosin,  and  urea.  The  sugar  of  colostrum  consbts 
of  lactose,  dextrose,  and  probably  other  sugars.  The  fat  differs  from 
that  of  true  milk,  having  a  higher  melting  pomt  and  less  volatile  acids. 
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The  characterbtic  feature  of  colostrum  is  the  presence  of  peculiar  bodies 
called  colostrum  corpuscles,  consisting  of  clusters  of  fat-globules  and 
cells  looking  like  a  bunch  of  grapes.  They  are  easily  seen  under  the 
microscope,  and  appear  to  be  partially  disintegrated  cells.  These  cor- 
puscles may  be  found  in  colostrum  until  from  two  to  thnr  waeks  after 
parturition. 

Composition  of  Human  Colostrum. 

Analyst.                    Watkb.  Souds.  Piotbims.  Fat.  Sugax.  Ash. 
Camerer  and  Sdldner:  second 

day, 83.9  16.04  5.74  4.08  4.08  0.48 

third  day, 87.8  12.17  246  2.88  5.31  0.39 

Woodward, 87.J  12.10  1.90  4.00  6.50  0-20 

Clemm, 86.8  13.20  2.20  4.80  6.10  050 

P£eiffer:  first  day, 84.3  15.7  9.75  2.6        *  2.94  0.34 

second  day, 86.2  13.8  7.45  2.2  3.83  0.30 

Gautier  (day  of  parturition),...  82. 86  17.2  4.00  5.0  7.00  0.51 

Cow  Colostrum. 

Albumin  and 

Analyst.                     Watek.  Scuds.  Globolin.  Cashn.  Fat.  Suoak.    Ash. 

Gautier:  first  day 73.07  26.93     16.6  3.54  3.54  3.00 

second  day, 82.38     17.62       4.5  4.50  4.75  2.85 

average,  thirty  analyses, 74.05     25.95      13.6  3.43  3.43  2.66 

EngUng, 71.69  28.31      15.85  4.83  3.37  2.48      1.78 

Kdnig:  average  of  fifty  analyses,  75.07     24.93     1^.99  4.16  3.97  2.28      1.53 

The  specific  gravity  of  colostrum  is  from  1046  to  1079,  and  averages  1068. 
It  coagulates  on  boiling  until  the  fourth  day  after  parturition. 

Changes  Produced  in  Milk  by  Disease.— The  milk  of  a  strong, 
healthy  woman  is  more  nourishing  Uian  that  of  the  weak,  sickly  woman. 
The  character  of  the  secretion  of  milk  in  the  human  subject,  as  well  as 
in  some  of  the  lower  animals,  is  greatly  varied  by  the  emotions;  and  milk 
secreted  during  periods  of  excessive  mental  excitement  has  frequently 
proven  poisonous  to  the  young.  Certain  drugs  pass  through  the  mother 
into  the  milk,  as,  for  example,  iodine,  arsenic,  antimony,  lead,  zinc, 
bismuth,  and  mercury.  Opium  and  morphine,  although  they  may  not 
be  detected  in  the  milk,  have  frequently  passed  into  the  milk  in  siiffident 
quantities  to  narcotize  the  infant.  In  the  cow,  the  character  of  food  and 
the  state  of  the  health  have  an  important  bearing  on  the  composition  of 
the  milk.  In  cases  of  the  foot-and-mouth  disease  the  milk  has  been 
found  to  contain  blood. 

The  Adulterations  of  Milk.— The  adulterations  usually  practised 
are  the  extraction  of  cream,  or  the  addition  of  water,  or  both.  Oc- 
casionally the  addition  of  some  foreign  substance,  as  sodium  carbonate, 
common  salt,  or  sugar,  is  met  with. 

The  detection  of  the  adulterations  of  milk  usually  dq>ends  upon  the 
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determination  of  the  specific  gravity,  the  fat,  total  solids,  and  the  ash. 
The  quantity  of  these  ingredients  is  not  perfectly  uniform,  and  hence 
certain  limits  of  allowable  variation  have  been  determined  upon  from 
•  time  to  time.  The  standard  adopted  in  many  States  in  this  country, 
is  a  specific  gravity  not  less  than  1029  and  total 'solids  not  less  than 
12  per  cent.,  of  which  3  per  cent,  shall  be  fats.  The  legal  limits  for 
total  solids  vary  from  12  to  13  per  cent.,  and  the  solids  not  fat  from 
8.5  to  9.5  per  cent.  The  Society  of  Public  Analysts  of  Great  Britain 
have  adopted  for  total  solids,  11. 5;  fat,  3;  and  solids  not  fat,  8.5  per 
cent.  These  standards  are  minimum  standards,  and  are  too  low  for  a 
good  milk. 

Milk  Testing. — ^There  is  no  instrument  of  simple  construction 
which  will  with  certainty  detect  the  presence  of  a  small  amount  of 
adulteration  in  milk.  The  lactometer,  or  lactodensimetery  which 
has  been  employed  very  largely  in  the  sanitary  inspection  of  milk,  b  a 
hydrometer  with  a  scale  covering  the  variations  usually  met  with  in  milk. 
(See  Fig.  65.)  The  lactometer  of  the  New  York  Board  of  Health  b  a 
hydrometer  on  which  the  scale  is  so  constructed  that  100^  indicate  a 
q^ecific  gravity  of  1029,  the  supposed  lowest  specific  gravity  of  pure  milk. 
The  qpace  between  1000,  the  specific  gravity  of  water,  and  1029  is 
divided  into  100  arbitrary  degrees.  The  scale  is  extended  to  1 20^,  which 
corresponds  to  a  specific  gravity  of  1034.  When  taken  alone,  it  is  of 
very  little  value.  If,  however,  it  be  taken  with  the  estimation  of  either 
the  total  solids  or  the  fat,  it  is  of  considerable  service.  In  very  excep- 
tional cases  the  milk  of  a  single  cow  may  have  a  specific  gravity  below 
1029,  but  such  milk  should  be  regarded  as  abnormal.  Such  depression  of 
the  specific  gravity  never  occurs  in  the  mixed  milk  of  several  well-fed 
cows.  A  specific  gravity  below  1029,  therefore,  unless  accompanied  by 
an  excessive  amount  of  fat,  may  be  taken  as  evidence  of  contamination, 
probably  with  water. 

For  such  examinations  the  fat  may  be  estimated  by  the  creamometer, 
or  by  some  form  of  lactoscope.  The  creamometer,  or  cream  gage,  is 
simply  a  graduated  cylinder,  the  graduations  being  -j^ir  of  the  total 
capacity  of  the  cylinder  to  the  zero  mark.  (See  Fig.  65.)  The  milk 
is  added  in  the  cylinder  to  this  zero  mark,  and  allowed  to  remain  at  rest 
for  twenty-four  hours,  when  the  number  of  the  divisions  covered  by  the 
cream  is  read  off.  This  should  not  be  le^  than  ten  p^  cent.  The 
lactoscope  depends  upon  the  assumption  that  the  opacity  of  the  milk  b 
proportional  to  the  amount  of  fat  which  it  contains.  In  Feser's  lac- 
toscope (Fig.  66),  a  measured  volume  of  milk  b  placed  in  a  graduated 
vessel,  A,  by  means  of  the  pipette,  B.  It  b  then  diluted  with  water  until 
the  black  lines  of  the  inner  cylinder  of  opaque  white  glass  can  be  seen 
through  the  layer  of  the  mixture  between  the  walb  of  the  inner  and  outer 
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cylinders.  It  is  then  only  necessary  to  read  off  the  percentage  of  fat  on 
the  scale  of  the  outer  cylinder,  at  the  surface  of  the  liquid.  This  method 
of  determining  the  fat  in  milk,  although  answering  for  the  purpose  of 
municipal  control,  is  not  to  be  depended  upon  for  scientific  purposes, 
or  as  evidence  upon  "which  to  base  l^al  proceedings.  The  lactoscope 
is  of  no  value  in  estimating  the  fat  in  human  milk.  In  a  large  ex- 
perience with  this  instrument  the  author  has  seldom  seen  the  readings 
vary  more  than  0.3  per  cent.,  in  cows'  milk,  from  the  accurate  methods. 
Usually  it  is  much  nearer  than  this. 

For  the  methods  of  exact  milk  analysis  the  studenf  is  referred  to  "  Clinical 
Chemistry/'  page  166. 
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Microscopic  Examination  of  Milk. — ^The  examination  of  human 
milk  should  always  include  a  microscopic  examination.  By  it  we 
may  obtain  much  useful  information,  and  often  determine  striking 
abnormalities.  We  first  observe  the  number  and  size  of  the  fat  cor- 
puscles. The  sample  must.be  taken  from  the  middle  of  the  nursing,  or 
after  the  baby  has  nursed  about  five  minutes.  By  a  little  experience, 
an  approximate  idea  of  the  amount  of  fat  present  can  be  obtained,    A 

i)reponderance  of  relatively  large  corpuscles  indicates  a  rich  milk.  Co- 
ostrum  corpuscles,  pus-  or  blood-cells  may  be  detected  if  present.  The 
persistence  of  colostrum  corpuscles  has  usually  an  injurious  effect  upon 
the  baby. 
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In  abscess  of  the  gland  pus  may  be  found,  or  it  may  not.  When 
fooind  the  baby  must  not  be  allowed  to  take  the  milk.  Blood  usually 
produces  vomiting.  The  detection  of  infectious  or  pathogenic  bacteria 
is  only  possible  in  the  sediment  obtained  by  means  of  the  centrifugal 
machine.  The  sediment  thus  obtained  is  drawn  off  with  a  pipette, 
transferred  to  a  slide,  dried,  stained,  and  examined  like  other  sediments. 

Digestion  of  Milk* — When  milk  enters  the  normal  stomach  it 
undergoes  the  following  changes:  The  casein  undergoes  cleavage  under 
the  influence  of  chymosin  or  rennet,  and  the  paracasein  b  precipitated. 
When  no  free  acid  is  present,  the  paracasein  probably  comes  down  in 
combination  with  the  calcium  salts.  When  acid  is  present  the  lactate, 
or  the  hydrochloride,  is  precipitated  according  to  the  kind  of  acid  present. 
These  paracasein  compounds  then  begin  to  undergo  peptic  digestion.  In 
any  case,  the  acid  con^und  of  paracasein  is  first  formed,  and  this  is 
cleaved  into  paranuclein  and  albumose.  In  the  case  of  cows'  milk,  a 
large  part  of  the  paranuclein  is  passed  into  the  duodenum  undissolved, 
while  with  human  milk  it  is  dissolved  in  the  stomach,  leaving  no  residue. 
In  very  acid  conditions  of  the  stomach  the  casein  is  probably  precipi- 
tated in  combination  with  the  acid,  without  cleavage  mto  paracasein. 
The  digestion  of  this  compound  is  more  difficult  than  the  paracasein 
compound.  The  lactalbumin  and  globulin  are  digested  in  the  usual 
manner.  The  lactose  is  split  into  dextrose  and  galactase  by  the  lactase, 
probably  in  the  intestine,  and  absorbed  in  this 'form.  The  fats  are 
saponified  and  absorbed.  An  excess  of  fermentation  acids,  however, 
often  decomposes  these  soaps,  setting  free  the  acids,  which  may  be 
found  in  the  stools.  A  liter  of  whole  cows'  milk  of  average  com- 
position should  furnish  about  675  calories,  while  a  liter  of  hiunan  milk 
should  furnish  about  710  calories  when  completely  digested  and  ab- 
sorbed. 

The  Preservation  of  Milk.— Owing  to  the  liabQity  of  milk  to 
rapid  deterioration  and  souring,  various  methods  of  preserving  it  are 
in  constant  use.  Of  these,  a  low  temperature  is  die  best.  When 
proper  care  is  exercised  in  obtaining  the  milk,  and  a  temperature  of 
about  40*^  F.  is  maintained,  no  other  preservative  is  necessary  for  sev- 
enty-two hours  or  even  longer.  Other  methods  of  preserving  milk  are: 
(i)  the  addition  of  certain  chemical  antiseptics;  (2)  the  application  of 
heat  to  kill  the  micro-organisms. 

The  most  commonly  used  antiseptics  are  formalin,  boric  acid,  and 
salicylic  acid,  named  in  the  order  of  frequency.  Formalin  b  a  forty 
per  cent,  solution  of  formaldehyde  in  water.  A  dilute  (two  to  five  per 
cent.)  solution  of  formaldehyde  b  now  sold  to  dairymen,  and  its  use  b 
very  extensive.  One  table^xx>nful  of  thb  solution  b  usually  added  to 
ten  gallons  of  milk. 
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The  simplest  characteristic  test  for  formaldehyde  is  Hehner't  test.  The  milk 
18  diluted  with  an  equal  volume  of  water,  and  this  mixture  is  floated  upon  strong 
H^04  in  a  test-tube.  The  presence  of  formaldehyde  is  shown  by  a  violet-blue 
color  at  the  junction  of  the  two  liquids,  which  is  permanent  for  two  or  three 
days.  In  the  absence  of  formaldehyde,  milk  gives  with  H^SO.  a  greenish  tinge, 
and  a  brown  color  develops  on  standing.  The  addition  of  a  few  drops  of  fenic 
chloride  solution  to  the  add  makes  the  test  more  sensitive.  This  test  is  delicate 
and  characteristic,  detecting  i  part  of  formaldehyde  in  200,000  parts  of  milk. 

Borax  and  boric  acid  have  occasionally  been  used  to  preserve  milk.  To 
detect  boric  acid  it  is  necessary  to  evaporate  some  of  the  muk  to  dryness,  best 
with  the  addition  of  a  small  amount  of  Na,COp  and  carefully  biun  off  the 
most  of  the  organic  matter.  The  ash  is  then  moistened  with  HJSO4,  a  few  c.c.  of 
alcohol  added,  and  the  alcohol  is  ignited  in  a  dark  room.  If  borax  or  boric  acid  be 
present  the  flame  is  colored  green. 

To  detect  salicylic  acid  the  milk  is  rendered  slightly  acid  with  H^O^,  and 
shaken  with  ether.  The  ether  is  drawn  off,  shaken  with  distilled  water,  a^ain 
separated,  and  the  ether  evaporated.  The  residue,  when  treated  with  a  dilute 
solution  of  Fe,Cl^  gives  a  violet  color  in  presence  of  salicylic  acid. 

Hydrogen  peroxide,  previously  neutralized  by  shaking  it  with  CaCO»  may  be 
used  to  preserve  milk.  Three  c.c.  added  to  a  quart  of  milk  is  the  quantity  recom- 
mended. 


Sterilized  and  Pastettrized  Milk.— Heat  is  one  of  the  best  means 
in  our  possession  of  preserving  foods.  Sterilized  milk  is  milk  that  has 
been  heated  to  100®  C.  (212®  F.)  for  fifteeii  to  thirty  minutes.  After 
heating  it  should  be.  as  quickly  cooled  as  possible,  and  then  protected 
from  the  air  until  ready  to  be  used.  A  single  heating  does  not  render 
milk  absolutely  sterile.  Intermittent  heating  is  necessary  to  secure 
sterility,  although  the  lactic  acid  organisms  are  killed  by  the  first  heating. 
The  milk  so  treated  will  remain  sweet  for  a  long  time  if  air  be  ex- 
cluded. Sterilized  milk,  either  pure  or  modified,  is  often  used  as  a  food 
for  infants.  Sterilization  should  be  applied  to  fresh  milk  before  fer- 
mentative changes  have  taken  place.  It  will  not  purify  unclean  or 
unwholesome  milk,  or  destroy  any  toxins  which  may  have  developed  in  it. 
Many  objections  have  been  raised  against  the  continued  use  of  sterilized 
milk,  on  the  ground  that  children  fed  upon  it  are  very  liable  to  develop 
rickets,  anemia,  and  scurvy,  and  are  retarded  in  their  development. 
On  the  other  hand,  when  the  only  supply  of  milk  is  unclean,  loaded 
with  bacteria,  or  from  cows  whose  health  is  in  doubt,  sterilization  or, 
better,  Pasteurization  may  be  necessary,  especially  in  hot  weather. 

Effects  of  Heat  upon  Milk.— The  following  are  some  of  the  chief 
changes  produced  in  milk  by  heat  sterilization: 

I.  The  fat  is  melted,  many  of  the  globules  coalescing  into  larger  globules  of 

greater  density.    The  cream  separates  more  slowly  from  boiled  than  from  raw  milk. 

t.  The  casein  is  rendered  less  easily  coagulated  by  rennet,  is  more  skywly 


MILK.  607 

acted  upon  by  pepsin  and  panoreatin,  and  a  part  of  the  phosphates  are  dissociated 
from  it 

3.  The  albumin  is  coagulated  by  temperatures  above  75°  C;  it  does  not  pre- 
cipitate, but  remains  suspended.  On  salting  out  the  casein,  or  treatment  wiUi 
rennet,  or  with  an  add  the  albumin  precipitates  with  the  caesin,  thus  increasing 
the  amount  of  the  coa^um.  This  serves  to  distinguish  boiled  from  raw  milk,  as 
in  raw  milk  the  albumm  remains  in  solution  after  precipitating  the  casein  by  either 
of  the  above  methods. 

4.  The  su^ar  is  dehydrated  or  fMutially  caramelized,  as  shown  by  loss  of  its 
power  of  rotatmg  a  polarized  ray,  and  by  the  development  of  the  caramel  taste. 
The  sugir  loses  its  diuretic  and  laxative  properties. 

J.  The  greater  part  of  the  calcium  and  magnesium  phosphates  are  predpi- 
,  and  much  01  the  organic   phosphorus  is  converted  into  inorganic  and 
non-assimilable  phosphates. 

6.  Ledthin  and  nuclein  are  decomposed  and  their  nutritive  properties  lost. 

7.  Citric  add  is  converted  into  insoluble  dtrate  of  caldum,  which  is  lost. 

8.  The  enzymes  are  destroyed,  as  well  as  the  lactic  ferment.  The  loss  of  the 
oxidase  and  proteoljrtic  enzyme  is  probably  of  some  importance,  as  weU  as  the 
bacteriddal  action. 


The  question  of  digestibility  of  the  grosser  constituents  of  sterilized 
milk  can  not  be  regarded  as  definitely  settled.  The  results  of  experi- 
ments are  conflicting.  Clinical  observations  distinctively  show  that 
infants  do  not  thrive  as  well  on  sterilized  as  on  raw  milk  of  good  quality. 

Pasteurized  milk  is  milk  that  has  been  heated  to  a  temperature  of 
65®  to  68®  C.  (150®  to  155®  F.)  for  fifteen  to  twenty  minutes  and  rapidly 
cooled.  The  temperature  at  which  this  process  is  conducted  varies 
with  the  notion  of  those  who  practise  it,  but  the  intent  is  to  heat  the  milk 
enough  to  destroy  most  of  the  bacteria  without  causing  the  changes 
above  mentioned.  The  maximum  temperature  of  pasteurization 
should  be  160**  F.  (71.1**  C.)  and  the  minimum  140**  F.  (60®  C). 

Lactalbumin  begins  to  coagulate  at  about  72®  C.  (161.6®  F.),  but 
is  not  completely  coagulated  below  77®  C.  (170.6**  F.).  Most  patho- 
genic organisms  are  kUled  at  145®  F.  when  in  pure  water,  but  they  will 
sometimes  survive  a  slightly  higher  temperature  in  milk.  The  one 
exception  to  this  is  the  bacillus  of  tuberculosis,  which  may  stand  a 
higher  temperature.  A  temperature  of  155®  F.  (68**  C.)  for  fifteen 
minutes  will  render  milk  safe  from  pathogenic  organisms. 

The  use  of  pasteurized  milk  obviates  some,  though  not  all,  of  the 
objections  to  sterilized  milk.  Experience  teaches  that  heating  milk 
for  infant-feeding  is  attended  with  deficient  nutrition. 

Modified  Milk.— By  this  term  is  meant  cows'  milk  that  has  been 
changed  in  composition  so  as  to  resemble  the  composition  of  human 
milk.  As  the  per  cent,  casein  in  cows'  milk  is  about  three  or  foiu: 
times  that  in  human  milk,  and  the  albumin  is  but  half  that  of  human 
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milk,  there  is  a  very  decided  difference  in  the  digestibility  of  the 
two.  Rennin  coagulates  the  casein  only.  The  curd  formed  in  the 
stomach  from  cows'  milk  is  more  abundlant,  and  forms  tough  masses, 
difficult  to  digest,  while  that  from  human  milk  is  slight  in  amount 
and  flocculent. 

The  sugar  of  cows'  milk  b  present  in  about  4.9  p^  cent.,  while 
that  of  human  milk  is  nearly  2  per  cent,  higher.  These  and  other 
differences  in  composition  and  behavior  of  the  two  milks,  shown  in 
the  table  on  page  592,  make  it  necessary  to  modify  the  composition  of 
cows'  milk  for  the  successful  nourishment  of  infants.  Various  methods 
have  been  proposed  for  accomplishing  this. 

One  of  the  most  frequently  employed  is  a  mixture  of  milk,  cream, 
water,  lime-water,  and  milk-sugar,  made  to  oorreq)ond  to  the  supposed 
average  composition  of  human  milk.  Such  mixtures  are  now  to  be 
had  in  some  large  cities,  from  milk  laboratories  established  for  the 

Eurpose  of  furnishing  them.    Milk  of  any  desired  composition  may 
e  ordered  from  the  laboratory,  and  this  composition  may  be  changed 
at  will. 

The  milk  used  for  this  process,  as  well  as  the  cream,  must  be  fresh, 
and  the  cream  should  be  of  nearly  constant  composition.  The  only 
way  to  secure  this  is  to  use  cream  separated  by  the  centrifugal  machine. 
With  such  a  cream,  containing  twenty  per  cent,  of  fat,  Uie  following 
proportions  will  give  approximately  the  composition  of  average  human 
milk,  so  far  as  the  quantity  of  these  constituents  is  concerned: 

Milk, 3  parts;  or,  Milk, 4  fluidouiices. 

Cream, 3  parts;  **  Cream, 6  fluidounces. 

Water, 10  parts;  "  Water, ao  fluidounces. 

Lime-water, i  part;    *'  Lime-water, 2  fluidounces. 

Milk-sugar, }  part;    "  Milk-sugar, 7  drachms. 

The  analysis  of  this  mixture  will  give  about  the  following  results, 
when  a  good  milk  is  used: 

Water, 88.4a     Fat, 4         Sugar 6.a6 

Solids, 11.58    Proteins, i.ii    A^, 0.21 

Such  mixtures  can  not  be  regarded  as  very  near  imitations  of  human 
milk.  Even  when  the  mixtures  are  made  at  milk  laboratories,  certain 
peculiarities  of  human  milk,  shown  in  the  comparative  table  on  page 
593,  can  not  be  imitated  in  this  way.  The  fat  of  the  two  milks  are 
of  different  composition,  and  the  process  of  centrifugal  separation  of 
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the  cream  partially  destroys  the  emulsion,  and  collects  the  fat  globules 
into  small  masses  and  renders  the  fat  less  easily  digested.  The  dif- 
ferent amounts  of  nudein  and  lecithin  in  the  two  milks  are  unfavorable 
to  cows'  milk,  as  regards  its  nutritive  qualities.  It  is  in  the  relative 
proportion  of  die  two  proteins  diat  die  most  difficulty  is  experienced. 
The  above  mixture  contains  i.ii  per  cent,  of  proteins,  of  which  0.86 
per  cent,  is  casein  and  0.25  is  albumin,  and  ^obulin.  Human  milk 
usually  contains  more  albumin  than  casein,  a  fact  that  is  of  great  im- 
portance in  the  behavior  of  the  milk  with  rennin  or  with  acids— 1.  «.,  in 
the  first  stages  of  digestion.  This  relation  between  the  casein  and 
albiunin  determines,  more  than  any  other  factor,  the  character  of  the  curd 
produced  on  coagulation.  The  larger  the  proportion  of  albumin  to  the 
casein,  the  finer  the  flocculi  formed.  The  actual  amount  of  proteins 
in  human  milk  varies  at  different  p^iods  of  lactation,  being  greatest 
during  the  first  week.  The  following  figures  show  this  variation,  and  the 
relative  percentage  of  albumin  and  casein  (Camerer) : 

Albumim  and 
PnioD  OP  Lactatioic.  Total  Piotxios.         Caskim.  Globuuii. 

Eighth  to  eleventh  day, a.53  0.91  i.^ 

Twentieth  to  fortiethday, 1.74  0.55  i.^ 

Two  to  three  months, 1.46  0.46  i.oo 

Eight  months, 1.19  0-.35  0.84 

From  the  above  analysis  we  see  that  the  amount  of  total  proteids  in 
human  milk,  during  the  first  two  weeks  of  lactation,  is  about  2.5  per 
cent.,  and  in  many  cases  3  per  cent.;  but  of  this  nearly  two-thirds  is 
albumin  and  globulin  instead  of  casein.  We  may  increase  the  al- 
bumin in  the  above-described  muture  by  the  addition  of  egg-albumin, 
in  the  proportion  of  the  white  of  two  eggs  to  the  quart  of  mixture.  As- 
suming that  the  white  of  an  average  egg  will  weigh  30  gm.,  or  i  oz.,  and 
that  it  contains  12.2  per  cent,  of  albumin,  the  whites  of  two  such  eggs 
would  contain  7.32  gm.  of  albiunin,  and  would  add  approximately  0.75 
per  cent,  of  egg-albumin  to  the  above  mixture,  and  give  1.86  per  cent,  of 
proteids,  of  which  0.86  per  cent,  will  consist  of  casein  and  i  per 
cent,  will  consist  of  albumin.  While  egg-albumin  differs  slightly 
from  lactalbumin,  the  physical  behavior  of  the  mixture  is  more  nearly 
like  that  of  human  milk,  and  experience  shows  it  to  be  well  suited  for 
infant  nutrition,  provided  that  the  albumin  b  obtained  from  fresh  eggs. 

The  Author's  Method  of  Modifying  Milk.— A  ratbnal  method 
of  modifying  cows'  milk,  for  use  as  an  mfant  food,  is  the  following: 
The  milk  should  be  allowed  to  stand  in  a  cool  place  for  three  or 
four  hours,  to  allow  the  cream  to  separate.  When  the  milk  is  re- 
ceived in  bottles,  as  is  the  custom  in  large  cities,  this  will  be  unneces- 
sary. Siphon  off  from  the  bottom  of  the  containing  vessel  two-thirds 
40 
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or  three-fourths  of  the  milk*  leavmg  the  cream  and  upper  portion  of 
milk  undisturbed.  This  may  be  easily  done  with  a  small  glass  or  rubber 
siphon  tube,  previously  filled  with  water  to  start  the  siphonage.  To  the 
milk  thus  drawn  off  add  a  teaspoonf  ul  and  a  half  of  essence  of  pepsin  or 
liquid  rennet,  warm  to  blood  heat,  37®  C.  (98.6®  F.),  and  keep  at  or  near 
that  temperature  for  a  few  minutes,  or  untQ  the  curd  separates.  Then 
warm,  with  vigorous  stirring,  to  68®  C.  (155®  F.)  and  filter,  while  hot, 
through  a  wire  strainer.  This  whey  will  contain  approximately  from  0.3 
to  0.5  per  cent,  of  fat,  4.9  per  cent,  of  sugar,  0.8  per  cent,  of  protekis 
(lactalbumin  and  whey  proteid),  and  0.7  per  cent,  of  salts.  When 
cokl,  this  whey  is  added  to  the  rich  milk  left  in  the  containing  vessel. 
To  a  quart  of  this  mixture  we  must  add  1.5  per  cent,  of  milk-sugar  to 
bring  the  percentage  of  this  constituent  up  to  6  per  cent  This  will 
require  about  one-half  ounce,  or  a  heaping  tablespoonful,  of  powdered 
milk-sugar.  This  mixture  is  very  successful  in  practice.  The  behavior 
of  the  mixture,  when  coagulated  with  dilute  acid,  is  strikingly  like  that 
of  human  milk. 

Instead  of  siphoning  off  the  skim-milk  from  the  bottom  of  the  bottle, 
we  i^y  dip  out  the  requisite  amount  of  the  top-milk.  Chapin's  dipper, 
holding  one  ounce,  may  be  used  for  this  purpose.  This  dipper  is  to  be 
had  of  dealers  in  physicians'  supplies.  The  top  8  ounces  (one-fourth) 
of  an  ordinary  quart  bottle  of  milk,  containing  4  per  cent,  of  fat,  will 
contain  very  nearly  14  per  cent,  of  fat.  The  top  11  ounces  (one-third) 
of  the  bottle  will  contain  approximately  10  per  cent,  of  fat.  The  top 
16  ounces  (one-half)  of  the  bottle  will  contain  7.5  to  8  per  cent,  of  fat. 
With  these  three  top-milks  and  whey,  water,  or  other  diluent,  we  may 
obtain  a  great  variety  of  mixtures,  of  approximately  known  composi- 
tion, and  sufficiently  accurate  for  all  practical  purposes  in  infant- 
feeding.  The  composition  of  the  mixture  will  vary  somewhat, 
according  to  the  diluent  used. 

Cereal  gruels  will  sometimes  be  better  tolerated,  as  the  diluent,  than 
either  whey  or  water.  These  gruek  may  be  made  of  wheat,  barley,  rice, 
or  oat  flour,  in  the  proportion  of  a  heaping  tablespoonful  to  the  pint  of 
water,  and  boiled  for  fifteen  to  thirty  minutes.  The  gruel  may  then  be 
dextrinized  with  diastase,  if  desired,  or,  for  children  over  six  months  of 
age,  it  may  be  used  without  this  procediu-e. 

The  table  on  page  611  shows  the  percentages  of  the  various  con- 
stituents to  be  obtained  by  the  mixtures  given,  in  colunm  (a)  with  water, 
(b)  with  whey,  and  (c)  with  cereal  gruel  as  the  diluents. 

Condensed  Milk. — Owing  to  the  difficulty  of  keeping  ordinary 
milk,  several  processes  of  preserving  it  by  concentration  have  been 
employed.    As  early  as  1837  Newton  preserved  milk  by  evaporatiog 
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It  in  shallow  pans  at  50**  C.  (122®  F.),  during  which  time  air  was  blown 
through  the  milk.  From  that  time  to  the  present,  preserved  or  con- 
densed milk  has  been  an  important  article  of  commerce.  When  milk 
is  simply  evaporated,  without  the  addition  of  a  preservative,  it  is  caQed 
condensed  milk.  This  is  also  put  into  the  market  sometimes  under 
the  name  of  evaporated  milk.  This  term  is  also  applied  to  what  properly 
should  be  termed  preserved  milk|  or  milk  which  has  been  condensed, 
with  the  addition  of  cane-sugar.  Preserved  milk  is  much  thicker  in 
appearance  than  condensed.  Milk  is  usually  condensed  to  about  one- 
third  its  original  volume,  although  the  makers  usually  claim  that  it  is 
condensed  to  one-fourth  its  original  volume.  Analyses  of  a  large  number 
of  samples  made  at  various  times  in  this  country  give  the  average  as  a 
little  short  of  one-third.  The  addition  of  2  parts  of  water  to  i  of  con- 
densed milk  should,  therefore,  produce  a  milk  of  the  same  d^ree  of 
richness  as  the  whole  milk  before  condensation.  Analyses  made  by 
Cornwall,  of  the  condensed  milks  found  in  the  American  market,  showed 
the  following  average: 

Water, 26.95  per  cent  Milk-sugar, 13.118  per  cent 

Milk  solids, 34.36        "  Cane-sugar, 38.82      " 

Casein  and  albumin,   9.25       ""  Ash, I/92      ** 

Fat, 9.69        " 

Calculating  from  these  results,  he  found  that  the  condensation 
varied  from  2.27  to  3.12  times,  the  average  of  all  analyses  being  about 
2.74  times;  or,  the  milk  was  condensed  to  not  quite  one-third  the  original 
volume.  Condensed  milk  is  largely  used  as  a  food  for  young  infants. 
For  this  purpose  it  is  usually  diluted  with  about  9  to  12  parts  of 
water.  Meigs  has  shown  that  if  i  part  of  the  best  commercial  sweet- 
ened condensed  milk  be  mixed  with  9  parts  of  water,  the  mixture  some- 
what closely  resembles  in  composition  that  of  human  milk,  with  the 
exception  that  it  is  deficient  in  fat,  and  that  this  mixture,  with  a  small 
portion  of  cream  added,  gives  a  milk  of  nearly  the  chemical  composition 
of  human  milk.  In  nutritive  qualities,  condensed  milk  is  inferior  to 
cows'  milk  or  human  milk.  It  is  open  to  the  objections  above  men- 
tioned to  sterilized  milk.  It  is  open  to  the  additional  objection  that  a 
large  part  of  the  sugar  present,  when  sweetened  milk  is  used,  is  cane- 
sugar  instead  of  lactose,  the  natural  sugar  of  milk.  Infants  fed 
exclusively  upon  condensed  milk  show  a  tendency  to  develop  rickets, 
or  to  a  failure  of  the  nourishment  of  the  bony  structures.  As  a  result, 
the  development  of  the  teeth  and  the  ability  to  walk  are  somewhat 
delayed. 

Cream  is  the  upper  layer  of  milk  that  has  been  left  at  rest  for  some 
hours,  in  which  the  fat  globules  are  more  numerous  than  in  the  whole 
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milk.  The  sp.  gr.  of  fat  being  less  than  that  of  the  milk-serum,  the 
globules  rise  to  the  surface  because  of  this  difference  in  gravity.  The 
sp.  gr.  of  milk-fat  is  0:930  at  20^  C.  (68^  F.)  and  0.918  at  37.8**  C.  (100^ 
F.).  Advantage  is  taken  of  this  difference  in  gravity  to  separate  the  fat 
from  mOk  by  centrifugal  machines  called  ''separators." 

Cream  that  separates  spontaneously  is  known  as  gravity  cream, 
to  distinguish  it  from  centrifugal,  or  separator  cream. 

It  b  not  possible  to  give  an  average  composition  of  cream,  as  thb 
varies  within  very  wide  limits.  The  fat  may  vary  from  9  to  65  per 
cent.,  while  the  other  constituents  vary  nearly  inversely  as  the  fat. 
As  milk  may  contain  12  per  cent,  of  fat,  it  foUows  that  no  sharp  dis- 
tinction between  milk  and  cream  can  be  given.  The  following  table 
gives  the  relation  between  the  total  solids,  fat,  and  solids  not  fat  in  cream 
of  varying  composition  (Vieth) : 

Total  •olids, 21   %  2<  %     30%  35%      40%     50%     60% 

Fat. la.i"    16.1"       22"  27.5"        33"      44"      55" 

Solids  not  fat. 8.9"      8.5"         8"     7.5"  7"        6"        5" 

If  we  take  9  per  cent,  as  the  average  amount  of  solids  not  fat  in  cows' 
milk,  a  cream  containing  10  per  cent,  of  fat  will  contain  nearly  the  same 
amount  of  solids  not  fat  as  the  original  milk.  Thb  is  an  important  fact 
in  infant-feeding.  Very  little  gravity  cream  b  now  sold  in  large  cities, 
the  centrifugal  cream  having  almost  displaced  it.  There  are  two  grades 
of  cream  in  common  use:  a  thin  cream  containing  about  20  per  cent., and 
a  heavy  cream  containing  about  40  per  cent,  of  fat.  Thb  cream  b 
frequently  pasteurized,  and  then  seems  thinner  than  ordinary  cream. 
A  syrup  of  lime,  known  as  "  viscogen,"  b  sometimes  added  to  cream  to 
thicken  it.    A  solution  of  gelatin  b  also  used  for  thb  purpose. 

The  number  of  bacteria  in  cream  b  always  larger  than  that  contained 
in  the  original  milk.  This  is  especially  true  of  gravity  cream.  Com- 
mercial cream  b  often  kept  in  cold  storage  for  some  time  before  market- 
ing, when  it  becomes  thicker,  and  contains  so  many  souring  organisms 
that  it  b  liable  to  produce  excessive  lactic  fermentation  in  the  stomach. 
Such  cream  b  unfit  for  feeding  infants.  The  best  cream  for  thb  pur- 
pose b  that  removed  from  a  bottle  of  fresh,  pure  milk. 

SIdm-milk  and  Separated  Milk. — Skim-milk  b  milk  from  which 
the  most  of  the  cream  has  been  removed  by  skimming.  Separated  milk 
b  that  obtained  after  removing  the  cream  by  the  centrifugal  separator. 
The  latter  differs  from  skim-milk  in  containing  less  fat  and  solid  im- 
purities, and  in  which  the  proteids  are  in  practically  a  normal  condition. 

The  proteids  in  skim-milk  are  more  or  less  changed  into  albumoses 
and  peptones,  by  the  action  of  bacteria,  during  the  ''  creaming  process." 
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The  following  may  be  taken  as  the  average  composition  of  separated 
milk: 

Water, 90.5  Casein, a.95 

Fat, 0.20  Albumin, 0.50 

Milk-sugar, 4.9  Inorganic  salts, 0.78 

Skim-milk  contains  a  variable  amount,  or  from  0.4  to  i  per  cent., 
of  fat. 

Separator  slime  is  a  viscous  layer  that  is  found  on  the  inside  of  the 
drum  of  a  separator  after  it  has  been  running  for  a  time.  This  is 
composed  of  mucoid  substance,  casein,  epithelial  cells,  leukocytes,  a 
trace  of  fat  and  sugar,  and  various  solid  impurities  separated  from  the 
milk,  including  very  numerous  bacteria.  The  quantity  of  slime  re- 
moved is  about  0.4  per  cent,  of  the  milk. 

Buttermilk  is  the  portion  of  the  milk  left  after  chiuning  and 
removal  of  the  butter.  It  differs  little  in  gross  composition  from 
skim-milk,  except  that  it  contains  a  larger  amount  of  lactic  add  and 
greater  changes  in  the  proteids.  The  fat  in  buttermilk  varies  from 
0.2  to  2  per  cent.,  but  is  usually  about  i  per  cent.  Buttermilk  b  often 
used  as  a  refreshing  drink  and  is  usually  weU  borne.  The  slight  add 
taste  b  agreeable.  It  has  been  reconmiended  as  a  substitute  for  nxxii- 
fied  milk  in  feeding  infants. 


THEXTRmE. 

The  urine  is  an  excretory  fluid  thrown  off  by  animals.  It  is  par- 
tially filtered  from  the  blood  by  the  kidneys,  and  partly  elaborated 
by  these  organs  from  waste  materiab  found  in  the  blood.  It  b  com- 
posed of  a  watery  solution  of  certain  inorganic  salts  and  nitrogenous 
principles  which  are  of  no  fiurther  use  to  the  body.  As  will  be  seen 
from  the  table  at  the  end  of  this  chapter,  human  urine  is  not  a  liquid 
of  uniform -composition,  but  subject  to  very  considerable  variations. 
These  variations  may  be  physiological,  or  they  may  be  indicative  of 
diseased  conditions,  and  a  knowledge  of  them  is  essential  to  a  correct 
diagnosis  of  many  diseases. 

General  Physical  Properties. — Normal  urine,  when  fresh,  b  a 
clear,  amber-colored,  transparent  liquid,  having  a  peculiar,  aromatic, 
characteristic  odor,  a  bitter,  saline  taste,  a  distinctly  add  reaction, 
and  a  specific  gravity  of  from  1018  to  1022.  The  average  specific 
gravity  b  generally  given  as  1018  to  1020.  When  it  is  passed  into  a  dean 
vessel  and  kept  from  contact  with  air,  it  will  undergo  but  slight  changes 
in  several  days. 
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Composition. — The  urine  b  chiefly  a  solution  of  urea  and  certain 
organic  and  inorganic  salts,  holding  in  suspension  epithelial  cells  and 
mucus.  The  composition  will  be  found  in  the  table  at  the  end. of  this 
chapter,  with  the  chief  variations  met  with  in  diseased  conditions,  and 
their  significance.  The  urine,  like  milk  and  other  animal  fluids,  is  not 
of  constant  composition.  It  is  influenced  by  the  amount  of  water  and 
other  fluids  taken;  by  the  temperature  of  the  skin;  by  the  emotions; 
by  the  blood-pressure,  local  or  general ;  by  the  amount  of  work  done,  the 
time  of  day,  the  age,  the  sex,  food,  the  influence  of  medicine  and  disease. 

Quantity. — The  quantity  of  urine  passed  in  twenty-four  hours 
varies  considerably.  The  average  daily  quantity  passed  by  a  healthy 
adult  b  from  1400  to  1600  c.c,  or  about  50  fluidounces.  The  quantity 
of  total  solids  contained  in  this  b  about  60  gm.,  or  1000  grs.,  and  about 
one-half  of  these  solids  b  composed  of  urea.  The  daily  quantity  is^  yL 
yneral,  proportional  to  the  body-weighty  the  above  averages  being  those 
fer  a  body-i^eight  of  about  150  lbs.  Children,  prior  to  the  age  of 
puberty,  pass  a  little  more  in  proportion  to  their  weight  than  adults. 

Polyuria  b  a  term  employed  to  denote  an  increased  amount  of 
urine. 

Oliguria  b  used  to  denote  a  diminished  volimie  of  urine. 

Anuria  b  used  to  denote  complete  suppression  of  the  secretion  of 
urine. 

Ischuria  b  used  to  denote  either  suppression  or  retention  of  urine 
in  the  bladder. 

Incontinence  b  an  involuntary  passage  of  urine,  or  inability  to  re- 
tain it.    The  urine  usually  escapes  as  fast  as  secreted. 

The  incontinence  of  retention  b  the  involuntary  passage  of  urine 
from  an  overdbtended  bladder;  it  b  therefore  preceded  by  retention. 

Hydruria  b  sometimes  used  to  indicate  an  increase  of  water  only, 
while  the  urinary  solids  are  normal  in  amount.  It  b  a  form  of  polyuria. 
Since  the  rate  of  secretion  varies  at  different  times  in  the  day,  all  quan- 
titative measurements  should  be  for  the  twenty-four  hours. 

An  increased  quantity  of  urine  is  passed  after  drinking  large  quan- 
tities of  fluids — urina  potus.  This  b  especially  noted  after  drinking 
pure  water  or  water  containing  certain  salts  of  the  alkaline  metals;  after 
drinking  beer,  wine,  coffee,  tea,  etc. ;  diuretic  medicines,  such  as  digitalb, 
squilb,  strophanthus,  spirit  of  nitrous  ether,  juniper,  urea,  etc. 

The  quantity  of  water  secreted  by  the  kidneys  is  largely  dependent 
upon  the  blood-pressure  brought  to  bear  upon  the  glomerular  tufts  of 
capillaries.  The  more  active  the  circulation,  the  more  active  the 
secretion  of  urine.  This  b  somewhat  modified  by  the  presence  or  ab- 
sence in  the  bbod  of  certain  substances  which  stimulate  the  epithelial 
ceUs  of  the  tubules,  as  urea,  sugar,  salts  of  alkaline  metab,  etc 
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Clinical  Siokivicance  op  Variations  in  thb  VoLxms  of  the  Twenty-four 

Hours'  Ueine. 


Polyuria 


Diseases. 


Renal 
affections. 


Nutritive 
disorders. 


Nervous. 
Essential. 


Interstitial 
nephritis. 

Amyloid 
degeneration. 

Diabetes 

mellitus. 
Diabetes 

insipidus 

(phosphaturla). 


Hysteria. 

f  EpUepsy. 
\  Dementia. 


Remarks. 


3  to  4  liters 
(66  to  130  oz.). 
Trace  of  albumin. 
ato61iters. 
Albumin  +. 

{Glucose,  acetone. 
Diacetic  add. 

{Urea+uric  acid+ 
phosph.  acid+. 


Toxicity  lessened. 


Oliguria. 


In  ( 

brile       I 
sases.      ( 


febrile 
diseases. 


Dermatitis. 

Gout. 

Toxic  conditions. 


In  chronic 
affections. 


f  Of  the  heart. 
Of  respiratory  organs. 
Of  the  kidneys. 
Of  the  liver  and 
uterus. 


I  Acidity  increased. 


Albuminuria. 

See  microscopic  ex- 
amination. 


i 

Calculus  or  tumor. 

Confirm  by  the 
quantity'  of  urea. 

^    Suppression, 
or  anuria. 

Certain  forms  of  nephritis. 
Nervous  anuria. 

Albuminuria  or 
hematuria. 

f  After  severe  bums  or 
\     after  anesthetics. 

Traumatic  anuria. 

The  Color  and  Transparency.— In  health,  the  color  is  usually 
a  light  amber.  In  general,  the  greater  the  quantity,  the  lighter  the 
color;  and  the  smaller  the  quantity,  the  darker  the  color.  As  the  color 
deepens  by  concentration,  it  becomes  more  reddish.  The  color,  as  well 
as  the  quantity,  is  subject  to  great  variations,  even  in  health.  It  may 
vary  from  almost  as  dear  as  water  to  a  dark  yellowish-red,  according 
to  the  degree  of  concentration.  After  drinking  large  quantities  of 
fluids,  the  quantity  is  very  much  increased  and  the  color  is  light.  After 
severe  sweating  or  diarrhea,  or  in  abstinence  from  drinking,  it  becomes 
concentrated  ajod  darker  in  cok>r.    The  normal  color  of  the  urine  is  due 
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to  several  more  or  less  closely  allied  pigments,  the  chief  of  which  are 
urobilin  and  uroerythrin.  These  coloring  matters  are  probably 
derived  from  the  biliary  coloring  matters.  The  abnormal  coloring 
matters  are  chiefly  those  of  the  blood  or  bile,  melanin,  hemoglobin,  and 
coloring  matters  due  to  medicinal  substances,  and  certain  vegetables. 
An  excess  of  the  normal  pigments  of  the  urine  may  be  expected  in  febrile 
conditions,  and  in  diseases  in  which  the  blood-cells  are  undergoing  rapid 
destruction.  Urobilin,  when  it  exists  in  excessive  quantities,  cofers  the 
urine  a  dark  brownish-red,  even  without  concentration,  and  the  foam  of 
such  luine  is  of  a  yellow  or  yellowi^-brown  color.  There  is  a  marked 
increase  of  urobilin  in  conditions  where  the  hepatic  cells  fail  to  perform 
their  proper  function;  that  b,  in  the  condition  known  as  biliousness. 
In  such  cases  the  skin  and  other  tissues  may  also  show  the  presence  of 
the  same  yellow  color. 

Reddish-brown  urine  indicates  concentration  or  febrile  urine.  A 
deep-yellow  or  yellowish-brown  or  green  color  b  usuaUy  due  to  bile. 
A  deep-red  color  b  due  to  blood  or  some  red  pigment  taken  as  medicine. 
A  dirty-blue  urine,  due  to  indigo,  b  sometimes  seen  in  cases  of  cholera 
or  typhus  fever.    Clear,  water-white  urine  b  usually  due  to  hydruria. 

Color  Effects  of  Drugs,  etc.— Dark:  C^HsOH,  creosote,  KC10„ 
tar,  etc.,  turpentine,  terpin  hydrate,  salol,  quinine  (sometimes),  pheno- 
coll,  naphthalene,  antipyrin.  Red:  Analgen,  cascara,  sulphonyl  (some- 
times violet-red),  madder,  aloes,  and  magenta.  Yellow:  Thallin, 
santonin,  cascara,  rhubarb,  senna,  duysophanic  add,  and  gamboge. 
Blue:  Indigo,  methylene  blue,  and  pyoktanin.  Brown  or  brownish- 
black  urine  is  observed  in  patients  with  melanotic  tumors.  The  color- 
ing matter  in  thb  case  b  melanin. 

Transparency. — ^Normal  urine  b  transparent,  containing  only  a 
slight  flocculent  cloud  of  mucus,  vbible  after  standing  a  few  minutes. 
If  the  urine  b  turbid  when  passed,  it  b  pathological.  It  b  usually 
turbid  in  all  diseases  of  the  urinary  passages,  from  the  excessive  amount 
of  mucus  and  epithelial  elements,  and  because  the  urine  in  thb  con- 
dition readily  undergoes  alkaline  fermentation  in  the  bladder,  when  the 
earthy  phosphates  are  precipitated  as  a  white  sediment.  In  fevers, 
the  quantity  of  urine  b  occasionally  so  small  that  the  urates  separate 
even  in  the  bladder,  and  especially  is  this  the  case  in  certain  diseases  of 
children,  where  oxidation  is  deficient,  as  in  capillary  bronchitb  and 
pneumonia.  Admixtures  of  blood,  pus,  and  diyle  make  the  urine 
turbid.  The  most  striking  turbidi^  is  produced  by  the  admixture  of 
chyle,  which  gives  it  a  milky-white  appearance.  Here  the  milky 
appearance  is  due  to  an  admixture  with  the  urine  of  emubified  fat  and 
imperfectly  dissolved  proteids.  Many  urines  which  are  dear  when 
passed  become  turbid  on  standing,  from  the  separation  of  the  acid  urate 
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of  sodium  or  ammonium.  The  turbidity  of  alkaline  urine  has  already 
been  mentioned.  All  urines  become  turbid  on  standing  for  a  few  days, 
from  the  appearance  of  swarms  of  bacteria  in  the  solution.  Such 
turbidity  can  not  be  separated  by  filtration  through  paper.  They  can  be 
removed  by  shaking  the  urine  with  some  insoluble  powder  and  repeated 
filtration.  Powdered  glass,  silica,  or  talcum  answers  the  purpose.  A 
heavy,  white  sediment  is  usually  composed  of  pus  or  earthy  phosphates. 
The  latter  dissolves  on  acidifying  the  urine  with  acetic  acid.  Thelermer 
does  not.  A  buff-colored  or  pink-red  sediment  is  usually  composed  of 
acid  urate  of  sodium.  It  dissolves  on  warming  the  urine.  A  deep-red 
gritty  sediment  is  usually  uric  acid. 

Specific  Gravity. — ^This  varies  in  health  from  1015  to  1028,  ac- 
cording to  the  degree  of  dilution  or  concentration.  Pathological  urines 
may  vary  from  almost  that  of  water  to  1050.  As  a  rule,  the  urine  of 
Bright's  disease  is  of  low  specific  gravity,  while  in  diabetes  mellitus, 
organic  heart  diseases,  and  in  all  acute  fevers,  it  is  of  high  sped&c  gravity, 
f  he  specific  gravity  of  urine  is  generally  determined  by  the  urinometer, 
which  is  a  small  hydrometer  graduated  to  include  the  variations  in 
specific  gravity  found  in  urine.  (See  p.  5.)  It  is  usually  gradu- 
ated so  that  only  the  last  two  figures  of  the  specific  gravi^  appear 
upon  the  stem,  so  as  to  read  correctly  at  60**  F.  When  the  tem- 
perature of  the  urine  is  above  60®  F.,  it  will  be  sufficiently  accurate 
for  clinical  purposes  to  add  one  degree  in  specific  gravity  for  every  3** 
C.  (5.4**  F.)  in  temperature — i.  e.,  if  it  read  1018  at  80**  F.,  it  would 
read  1024  at  60®  F.  The  ordinary  urinometers  of  the  market  are  apt 
to  be  unreliable.  It  is  best,  therefore,  to  test  the  instrument  by  careful 
determinations  of  the  specific  gravity  of  solutions  of  common  laJt,  with 
the  specific  gravity  flask,  and  compare  the  readings  of  the  urinometer 
with  these  determinations. 

The  urinometer  is  used  as  follows:  The  urine  b  placed  in  the  up- 
right jar,  or  cylinder,  wide  enough  and  deep  enough  to  allow  the  in- 
strument to  float  freely.  When  it  has  come  to  rest,  the  surface  of  the 
fluid  in  the  jar  is  brought  to  the  level  of  the  eye,  and  the  reading  taken 
at  the  lower  edge  of  the  meniscus  formed  by  the  upper  surface  of  the 
urine.  The  mark  on  the  instrument  which  is  cut  by  this  line,  and  which 
can  be  distinctly  seen,  is  taken  as  the  correct  reading.  If  the  turine  be 
turbid,  this  method  can  not  be  employed,  as  the  reading  will  be  more  or 
less  uncertain.  Should  the  quantity  of  urine  at  hand  be  not  enough  to 
float  the  urinometer,  it  may  be  diluted  with  an  equal  volume  of  water, 
the  specific  gravity  taken,  and  the  last  two  figures  multiplied  by  two,  to 
get  the  true  specific  gravity. 

Clinical  Significance  of  Specific  Gravity,  or  Density.— The 
specific  gravity  is,  in  general,  a  guide  to  the  secreting  power  or  dficiency 
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of  the  kidneys,  the  activity  of  the  circulation,  and  the  activity  or  condi- 
tion of  bodily  metabolism.  When  the  kidneys  are  diseased  the  urine 
is  apt  to  be  of  low  specific  gravity,  though  not  necessarily  so,  as  other 
conditions — as  fever,  cardiac  disease,  etc. — modify  it. 

Specific  gravity,  when  taken  with  the  quantity  passed,  is  of  use  in 
calculating  total  solid  matter  passed.  The  amount  of  solid  matter 
excreted  in  twenty-four  hours  by  an  average  adult  man  is  about  60  to  65 
gm.,  or  looc  gr.  The  last  two  figures  of  the  specific  gravity  very  nearly 
express  the  number  of  grains  in  each  fluidounce  of  normal  urine.  By 
multiplying  these  two  figures  by  the  number  of  ounces  passed  in  twenty- 
four  hours,  we  obtain  approximately  the  number  of  grains  of  solid 
matterpassed  in  twenty-four  hours.  Various  experimenters  have  sought 
a  coefficient  or  formula  by  which  to  calculate  the  result  in  grams  per 
liter.  Trapp  obtained  the  nimiber  2;  Loebisch,  2.2;  Christison  and 
Haeser,  2.33.  Thus,  if  a  given  urine  has  a  sp.  gr.  of  1020,  it  will  contain, 
approximately,  20  X  2.2  «  44  gm.  per  liter.  If  the  quantity  of  this 
same  urine  be  1200  c.c.  per  twenty-four  hours,  then  the  total  solids  will 
be  fo\md  by  multiplying  the  above  result  by  the  number  of  liters  —  44 
X  1.2  »  52.8.  The  most  striking  variations  from  the  normal  solids 
will  be  foiind  in  diabetes  mellitus  and  in  the  various  forms  of  nephritis. 

Urine  is  pathological  if  we  observe: 

I.  Specific  gravity  high,  color  high,    quantity  smalL 

3.  '•  "       low,     «   k^,         "        large. 

4.  ••  "         "        •'    very  pale,  ••       small 

If  urine  is  persistently  below  1015,  suspect  albuminuria  and  nephri- 
tis; if  below  1008,  suspect  albimiinuria  or  hydruria.  If  persistently 
above  1025,  color  pale,  and  quantity  increased,  suspect  diabetes 
mellitus. 

If  persistently  above  1025,  color  high,  and  quantity  diminished, 
suspect  fever,  cardiac  weakness,  profuse  sweating  or  diarrhea,  or  excess 
of  urates  or  uric  acid. 

Reaction. — Normal  urine  is  faintly  acid,  chiefly  due  to  H3NaP04, 
and  grows  more  acid  for  a  few  hours  after  being  voided,  due  to  the  so- 
called  "  acid  fermentation.''  During  this  period  of  acid  fermentation 
there  is  frequently  deposited  a  whitish  or  pinkish,  or,  at  times,  reddish 
sediment,  due  to  the  separation  of  the  acid  urate  of  sodium  or  to  crystals 
of  uric  acid.  This  sediment  disappears  again  on  warming  the  solution. 
On  standing  still  longer  exposed  to  the  aur,  the  acidity  grows  less  and  at 
the  same  time  an  odor  of  ammonia  begins  to  be  developed,  and  finally 
the  reaction  changes  from  acid  to  alkaline,  with  a  strong  odor  of 
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ammonia,  and  more  or  less  odor  of  putridity.    This  change  is  caused 
by  the  conversion  of  urea  into  ammonium  carbonate. 

CO(NH,),  +  2H,0  -  (NHJjCO,. 

This  change  is  sometimes  called  the  *' alkaline  fennentatioii." 
The  rapidity  with  which  these  changes  take  place  is  dependent  upon  the 
composition  of  the  secretion,  and  upon  the  temperature,  taking  place 
more  rapidly  in  warm  than  in  cold  temperatures.  An  abundance  of 
mucus,  whidi  can  usually  be  seen  after  a  few  hours  as  a  light,  flocculent 
cloud,  settling  near  the  bottom  of  the  vessel  containing  the  fluid,  greatty 
hastens  these  fermentative  changes.  This  is  especially  the  case  if  the 
bladder  or  the  kidneys  are  in  a  diseased  condition.  There  is  produced 
with  the  mucus,  especially  in  diseased  conditions  of  the  bladder,  a 
peculiar  soluble  ferment,  which  hastens  the  decomposition  of  urea  and 
the  production  of  anunonium  carbonate. 

If  ethod  of  Determining  the  Reaction.— The  reaction  of  urine  is 
best  tested  by  dropping  a  small  piece  of  a  red  and  a  blue  litmus  paper 
into  the  solution.  If  both  are  found  red  after  a  few  minutes,  the  reaction 
is  acid.  If  both  are  blue,  it  is  alkaline.  If  they  remain  unchanged,  the 
reaction  is  neutral.  If  the  alkalinity  be  due  to  ammonium  Carbonate, 
the  red  paper,  on  drying  and  warming  over  a  flame,  turns  red  again. 
If  due  to  the  fixed  alkalies,  it  remains  blue  on  drying  and  warming. 

The  fermentation  of  urine  is  due  to  certain  nucro-organisms,  of  which  the 
microooccus  urtm  is  the  best  known.  Nonnal  urine  is  free  from  these  organisms 
when  passed,  but  in  certain  abnormal  conditions  it  may  undergo  an  alkaUne  fer- 
mentation while  still  in  the  bladder,  and  that  apparentiy  without  the  interventioD 
of  these  organisms.  It  has  been  found  that  the  fermentation  may  take  place  in 
the  presence  of  an  amount  of  carbolic  acid  which  is  fatal  to  the  development  of 
microorganisms.  It  has  been  assumed  that  an  enzyme  is  secreted  with  tiie  thick, 
mucous  secretion  of  vesical  catarrh,  which  possesses  active  hydrolytic  powers  on  a 
solution  of  urea.  As  the  urine  becomes  allude  frx>m  the  production  of  ammonium 
carbonate,  it  becomes  turbid. 

The  phosphate  of  calcium  and  the  ammonium-magnesium  phosphate, 
which  separate  when  the  urine  becomes  alkaline,  and  to  which  the 
turbidity  is  partially  due,  are  generally  called  the  earthy  phosphates. 
The  latter  of  the  two  above  mentioned  is  called  the  triple  phosphate^ 
and  is  found  in  all  alkaline  urines. 

Estimation  of  Acidity.— The  acidity  of  the  urine  diminishes 
slightly  after  a  full  meal.  It  follows  very  nearly  the  acidity  of  the 
stomach  contents.  It  is  increased  by  gastric  fermentation  and  in 
hyperchlorhydria. 

The  acidity  of  the  urine  increases  with  the  amount  of  uric  add  excreted.  The 
total  acidity  of  normal  urine  is  equivalent  to  the  acidity  of  3  to  4  gm.  of  oxalic 
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add  in  twenty-four  hours.  The  greater  part  of,  this  addity  is  due  to  the  add  so- 
dium phosphate  j)roduced  by  the  reaction  of  uric  acid  upon  Na^Of,  and  the  rest  ir 
due  to  the  organic  adds,  most  Ukdy  lactic. 

Na^O^  +  aCjH^^OjH,  -  aNaHC^H^^O,  +  NaH^PO^.* 

The  addity  may  be  estimated  by  a  decinormal  solution  of  sodium 
hydroxide:  as  cc  of  the  urine  are  diluted  with  75  c.c.  of  water  in  a 
beaker;  3  drops  of  an  alcoholic  solution  of  pheno^hthalein  are  added, 
and  the  decinonnal  alkali  run  in  from  a  burette,  until  a  slight  pink  color 
b  produced.  The  urine  must  be  fresh  for  this  estimation.  Instead 
of  phenolphthalein,  we  may  use  blue  litmus  paper  as  an  indicator, 
taking  out  a  drop  of  the  solution  on  a  glass  rod  from  time  to  time,  and 
touching  the  paper.  A  violet  tint  indicates  neutrality.  The  acidity  may 
be  calcidated  as  phosphoric  add,  as  add  sodium  phosphate,  or,  as  is 
frequently  done,  as  oxalic  add.  Each  c.c.  of  the  dednormal  alkali  b 
equivalent  to  0.0049  gm.  of  phosphoric  acid,  or  0.012  gm.  (0.01198  more 
exactly)  of  add  sodium  pho^hate,  NaH^PO^  or  0.0063  of  oxalic  acid; 
100  C.C.  of  urine  should  require  from  20  to  40  c.c.  of  ^  NaOH. 

Odor. — The  odor  of  normal  urine  has  been  described  as  aromatic. 
A  putrid  odor  is  due  to  the  products  of  decomposition.  Occasionally 
the  urine  b  putrid  when  passed,  the  putridity  being  due  to  the  decom- 
position of  pus,  albumin,  or  some  other  foreign  matter  mixed  with  the 
urine  in  the  bladder.  Sulphuretted  hydrogen  sometimes  occurs  in  the 
urine,  and  a  fecal  odor  b  occasionally  met  with,  indicating  a  fistulous 
opening  between  the  bladder  and  the  intestine,  or  an  abscess  between 
the  bladder  and  rectum,  or  an  infection  of  the  bladder  with  the  colon 
badllus.  A  number  of  substances,  when  taken  internaUy,  cause  the 
urine  to  assume  a  characteristic  odor.  Many  aromatic  substances 
impart  their  odor,  as  oil  of  turpentine  (giving  the  odor  of  violets), 
cubebs,  copaiba,  asparagus,  garlic,  valerian,  etc. 

mOROAHIC  COnSTITUElfTS  OF  THE  URIIIE. 

The  urine  .contains  certain  inorganic  salts,  espedally  the  chlorides 
of  potassium  and  sodium,  the  phosphates  of  potassium,  sodium,  mag- 
nesium, and  caldum,  the  sulphates  of  some  of  these  metab,  and  salts 
of  sevmd  aromatic  ethereal  sulphuric  adds.  These  salts  are  tested 
for  by  the  detection  of  the  corresponding  adds. 

Adi. — When  100  c.c.  of  nomud  urine  b  evaporated  to  dryness,  from 
3.3  to  4.0  gm.  of  solid  matter  is  obtained.  One  fourth  of  thb,  or 
&om  0.8  to  I  gm.,  b  ash  or  inorganic  constituents.  In  certain  diseases 
thb  ratio  is  greatly  disturbed.  In  diabetes  the  ratio  becomes  about 
1 : 1.5,  while  in  phthbb  it  b  sometimes  as  low  as  i  to  4  or  even  lower. 
The  ash,  or  total  mineral  matter,  b  determined  by  evaporating  a  known 
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volume  of  the  urine  to  dryness,  cautiously  igniting  the  residue  uDtS 
aU  organic  matter  is  burned  off,  and  weighing  the  residue. 

The  Chlorides. — For  the  detection  of  the  chlorides,  add  a  few 
drops  of  nitric  acid,  and  then  a  solution  of  silver  nitrate  (i  :  20).  The 
chloride  of  silver  separates  as  a  white,  curdy  precipitate,  which  should 
occupy  not  more  than  one-fourth  the  volume  of  the  urine  taken.  If  the 
settled  precipitate  occupies  much  more  or  less  than  one-fourth  the 
volume  of  the  quantity  of  urine  taken,  the  quantity  is  increased  or 
diminished.  It  is  always  best,  in  making  this  test,  to  compare  the  speci- 
men under  examination  with  normal  urine.  In  most  cases  this  approxi- 
mate estimation  of  the  chlorides  will  be  all  that  the  clinician  will  demand. 
Occasionally,  however,  it  becomes  necessary  to  make  a  more  accurate 
determination.  For  this  purpose  it  is  necessary  to  have  a  decinormal 
solution  of  silver  nitrate — i,  e.,  a  solution  containing  16.997  gm.  of 
pure  silver  nitrate,  dissolved  in  a  liter  of  distilled  water. 

QuantitAtive  Estimation  of  Chlorides.— Dilute  10  c.c.  of  the  urine  with 
about  50  c.c.  of  water,  and  add  a  few  drops  of  a  rather  strong  solution  of  potassium 
chromate.  Now  drop  the  silver  solution  from  a  graduated  burette  drop 
by  drop,  until  a  permanent  reddish  color  indicates  that  the  chlorine  has  all  been 
precipitated,  and  that  the  silver  has  begun  to  form  silver  chromate.  Ten  c.c.  of 
urine  usually  requires  15  to  20  c.c.  AgNO,  solution.  One  c.c  of  silver  solution 
represents  0.00^54  ffto.  of  chlorine,  or  0.00585  gm.  of  NaCl.  In  highly  colored 
urines  this  method  is  sometimes  inapplicable,  owing  to  the  change  of  color  being 
masked  by  the  color  of  the  urine.  In  such  cases  it  is  best  to  dilute  the  urine 
until  the  color  is  of  a  pale  straw  tint  While  this  method  is  not  extremely 
accurate,  it  is  sufficiently  so  for  clinical  purposes. 

The  Phosphates. — About  two-thirds  of  the  phosphoric  acid  exists 
in  the  lurine  combined  with  the  alkaline  metak,  and  one-third  with  lime 
and  magnesium.  These  phosphates  are,  therefore,  generally  distin- 
.  guished  by  the  terms  alkaline  and  earthy  phosphates. 

The  acidity  of  the  urine  is  chiefly  due  to  the  acid  sodium  phosphate, 
NaHJP04.  Sodium  phosphate,  Na[,HP04,  is  neutral  in  reaction,  and 
Na3P04  is  alkaline. 

In  acid  urines  we  have  NaHjP04,  Na,HP04,  CaHPO^,  CaH4(P04)a, 
and  MgHP04;  while  in  alkaline  urines  we  find  in  sc^ution  Na^PO^, 
and  as  precipitates  Ca3(P04)2  and  MgNH4P04. 

Detection.— Earthy  Phosphates.— By  adding  an  alkali  to  normal 
urine  the  phosphates  of  calcium  and  magnesium,  termed  earthy  phos- 
phates, are  precipitated.  When  NH4OH  is  added,  all  the  magnesium 
present  is  precipitated  as  NH4MgP04.  The  phosphates  of  sodium  and 
potassium  remain  in  solution.  The  earthy  phosphates  may  be  ap- 
proximately estimated  by  adding  a  few  drops  of  ammonium  hydroxide 
solution  to  the  urine,  and  observing  the  amount  of  turbidity  produced, 
after  boiling.    This  may  be  quickly  done  by  the  use  of  the  centrifuge. 
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in  the  graduated  tube,  and  measuring  the  vohime  of  the  precipitate. 
By  comparing  this  with  the  amount  obtained  by  the  same  treatment  of 
normal  urine,  it  will  indicate  whether  the  quantity  is  excessive  or  deficient 

Alkaline  Phosphates. — The  alkaline  phosphates  may  be  detected 
in  the  filtrate  from  the  earthy  phosphates,  by  the  addition  of  a  few  drops 
of  MgSO^  solution  and  some  NH^Cl.  This  precipitate  should  be  about 
twice  as  volimiinous  as  that  produced  by  the  earthy  phosphates,  and 
whether  in  excess,  normal,  or  deficient,  may  best  be  determin^  by 
comparison  with  nonnal  urine.  The  exact  quantitative  estimation  of 
the  phosphates  is  rarely  required. 

DUlpnates. — Sulphuric  acid  occurs  in  the  luine  partly  in  com- 
bination with  the  metals,  and  partly  in  combination  with  certain  aro- 
matic bodies  of  putrefactive  origin,  called  collectively  the  ethereal 
sulphates.  The  most  important  of  these  are  phenol-  and  cresol-potas- 
sium  sulphates,  indoxyl-  and  skatoxyl-potassium  sulphates,  pyro- 
catechin-  and  hydrochinon-potassium  sulphates.  The  two  classes  of 
sulphates  are  generally  distinguished  as  the  preformed  or  mineral 
su^hateSy  and  the  conjugate  or  ethereal  sulphates.  About  nine- 
tenths  of  the  total  sulphiuric  acid  is  combined  with  the  metals  or  is 
preformed.  About  one-tenth  exists  as  ethereal  sulphates  of  potassium. 
(See  p.  649.) 

Detection.— The  preformed  H^O^  b  detected  by  the  addition  of 
BaCl,,  in  the  presence  of  free  HCl.  It  appears  as  a  fine,  white  precipi- 
tate of  BaSO^,  rendering  the  solution  opaque  and  milk-like  in  ap- 
pearance. An  approximate  estimate  may  be  made  by  comparing  the 
turbidity  with  that  of  normal  urine  treated  in  the  same  way.  An  excess 
of  sulphuric  acid  may  be  due  to  the  taking  of  an  excessive  amount  of 
sulphates  with  food  or  drink. 

Ethereal  Sulphates.— It  is  the  ethereal  sulphates  that  have  the 
chief  clinical  interest.  They  are  derived  from  the  putrefactions  of 
proteids  somewhere  in  the  body.  In  the  absence  of  any  other  source, 
an  increased  quantity  of  them  present  in  the  urine  is  usually  taken  as 
evidence  of  intestinal  putrefaction.  They  are  decomposed,  on  boiling 
with  dilute  mineral  acids,  into  free  sulphiuic  acid  and  the  aromatic 
substance.  The  sulphuric  acid  which  they  contain  is  not  precipitated 
in  the  cold  by  a  slightly  acidulated  solution  of  barium  chloride.  An 
approximate  estimation  of  the  ethereal  sulphuric  acid  may  be  made 
by  precipitating  the  urine  with  an  excess  of  barium  chloride  and  a  few 
drops  of  hydrochloric  acid,  filtering  off  the  precipitated  BaSOf,  and  then 
adding  to  the  filtrate  one-tenth  its  volume  of  pure  HCl,  bringing  the  solu- 
tion to  boiling,  and  then  heating  on  a  water-bath  for  one  hour.  The 
BaSO^  obtained  after  thb  treatment  of  the  filtrate  represents  the  sul- 
phuric acid  existing  as  ethereal  su^hates. 
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Clinical  Variations  of  the  Inorganic  Salts.—The  most.  iinp(»taiit 
inorganic  cx>iistituents  of  urine,  from  a  diagnostic  point  of  view,  are  the 
chlorides,  phosphates,  and  sulphates.    We  may  include  among  these, 
for  convenience,  calcium  oxalate,  although  the  acid  is  organic. 
Chlorides. — Daily  amount,  lo  to  15  gm.  (150  to  aoo  grs.). 
Increased:  i.  After  muscular  exercise. 

3.  After  taking  much  food  or  drink. 

3.  During  absorption  of  exudates. 

4.  In  acute  Bright's  disease,  diabetes  insipidus, 

and  ague,  after  the  chill. 
Diminished:  i.  In  all  acute  fevers,  esp>ecially  acute  pneumonia. 
(Increases  after  crisis.) 
a.  During  formation  of  exudates  and  dropsies. 
3.  In  chronic  nephritis,  certain  dyspepsias,  diar- 
rheas, cholera,  typhoid. 
Phosphates. — Daily  amount  of  phosphoric  acid,  2  to  4  gm.  (30 
to  60  grs.).    The  ratio  of  P^O^  to  urea  is  fairly  constant  in  health  at  i 
to  10. 

Increased:  i.  After  mental  work,  hysteria,  certain  nervous  dis- 
eases, or  worry, 
a.  After    muscular   exertion,  meat    diet,  copious 

drinking  of  fluids. 
3.  Rachitis,  osteomalacia,  early  phthisis,  diabetes 
mellitus,  phosphatic  diabetes,  some  fevers. 
Diminished:  Most  acute  diseases,  renal  diseases,  rheumatism, 
gout,  pregnancy. 
Sulphates. — Daily  amount  of  sulphuric  add,  1.5  to  3  gm.  (23 
to  45  grs.). 

Sulphuric  acid  occurs  as  preformed  and  as  ethereal  sulphates. 
Little  diagnostic  value  is  attached  to  variations  in  the  preformed 
sulphates. 

Increased:  i.  Meat  diet,  prolonged  exercise,  after  taking  sul- 
phur compounds, 
a.  Fevers,  rheumatism,  pneumonia,  delirium  tre- 
mens, cerebral  meningitis. 
Diminished:  i.  Vegetable  diet  (usually). 

2.  Nephritis,  chlorosis,  chronic  diseases  generally. 
Ethereal  Sulphates  are  Increased:   After  a  v^;etable  diet  and 
from  putrefaction  of  proteids  in  the  intestines. 
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OROAHIC  CONSTirUBHTS. 

Carbamidi  or  Urea.— CO(NI^2.  Urea  is  the  most  important  con- 
stituent of  the  urine,  as  it  is  the  chief  condition  in  which  nitrogen  leaves 
the  body. 

As  about  85  to  88  per  cent,  of  the  nitrogen  from  tissue  metabolism 
escapes  from  the  body  in  the  form  of  urea,  we  may  regard  the  urea  as 
a  measiu*e  of  the  tissue  changes,  provided,  of  course,  that  the  kidneys 
are  able  to  eliminate  what  is  produced.  When  the  kidne3rs  are  dis- 
eased there  is  usually  a  diminished  amount  of  urea  eliminated. 

The  quantity  of  urea  b  a  matter  of  great  importance  in  the  study  of 
metabolism,  and  in  the  study  of  renal  diseases. 

Detection. — Urea  may  be  detected  by  evaporating  a  few  drops  of 
urine  on  a  glass  slide,  moistening  the  residue  with  nitric  acid,  allow- 
ing it  to  crystallize,  and  examining  the  crystals  of  urea  nitrate,  CO- 
(NH^jHNO,,  under  a  microscope  of  low  power. 

Estimatton. — The  estimation  of  urea  in  urine  is  a  matter  of  con- 
skierable  importance,  as  it  is  generaUy  looked  upon  as  an  index  of  the 
nitrogenous  metabolism  going  on  in  the  body,  or  of  the  eliminating 
power  of  the  kidneys.  The  quantity  of  urea  excreted  in  twenty-four 
hours  by  a  healthy  adult  of  150  pounds  body-weight,  and  doing  ordinary 
work,  b  usually  stated  to  be  from  30  to  33  gm.,  or  from  430  to 
SSogrs. 

The  quantity  b  increased  by  an  increased  consumption  of  nitrogenous 
food  or  by  hard  work,  and  it  b  diminished  by  a  non-nitrogenous  diet 
and  by  little  exercise.  In  estimating  what  should  be  r^ardol  as  a  nor- 
mal amount  of  urea,  the  condition  of  the  patient,  as  to  exercise,  appetite, 
and  dietary,  should  be  taken  into  account.  Roughly,  in  the  absence  of 
sugar,  albumin,  and  other  abnormal  ingredients,  the  urea  may  be  re- 
garded as  one-half  the  total  solids.  The  more  accurate  quantitative 
estimation  requires  so  little  time,  apparatus,  and  skill  that  it  b  now  very 
generally  employed.  The  determination  b  based  upon  the  fact  that 
urea  b  decomposed  by  alkaline  hypochlorites  or  hypobromites  into 
carbon  dioxide,  water,  and  nitrogen. 

CO(NH,),  +  jNaBrO  -  3NaBr  +  CO,  +  2H,0  +  N,. 

One  C.C.  of  nitrogen  at  the  ordinary  temperature  and  pressure 
corresponds  to  about  0.0027  gm.  of  urea. 

The  liberated  N  escapes,  and  may  be  collected  and  measured,  while 
the  other  products  of  the  reaction  remain  in  solution. 

The  hypobromite  solution  b  prepared  as  follows:  100  gm.  of  NaOH 
are  dissolved  in  250  c.c.  of  water,  and  to  thb  solution,  when  cold,  25  c.c. 
of  bromine  are  added,  and  the  solution  kept  cold.    Thb  solution  contains 
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sodium  hypobromite,  hydroxide,  and  bromate.    The  solution  should  be 
freshly  prepared,  as  it  readily  undergoes  decomposition. 

Method  of  Doremiu. — ^Various  forms  of  apparatus  have  been  devised  for  the 
quantitative  estimation  of  urea.  One  of  the  simplest  of  these  is  the  one  devised  by  Dr. 
C.  A.  Doremus,  which  is  represented  by  figure  67.  The  tube, 
Ay  is  filled  with  the  above-mentioned  solution  of  hypobro- 
mite,  and  i  c.c.  of  urine  is  introduced  with  the  pipette,  B,  as 
nearly  as  possible  at  the  center  of  the  lower  portion  of  the 
upright  limb.  The  urea  is  decomposed  and  the  N  rises  to 
the  upper,  closed  end.  After  the  decomposition  is  complete, 
the  urea  is  determined  by  reading  the  graduations  at  the 
surface  of  the  column  of  licjuid.  This  ureometer,  accord- 
ing to  the  graduation,  gives  either  the  milO^ams  of  urea  in 
X  C.C.  of  urine,  the  percentage,  or 
grains  per  fluidounce. 

The  Author's  Method.— Owins 
to  the  instability  of  this  solution  and 
the  excessively  disagreeable  handling 
of  bromine,  the  author  employs  a 
solution  of  sodium  hypochlorite,  or 
chlorinated  soda,  with  the  addition  of 
KBr.  This  solution  acts  as  well,  by  the 
method  to  be  described,  as  the  above. 
The  author  uses  a  graduated  tube 
about  I  cm.  in  diameter,  about  <o 
cm.  long,  and  dosed  at  one  end.  The  graduations  indi- 
cate at  once  the  number  of  grains  of  urea  in  a  fluidounce 
of  urine,  when  i  c.c.  is  taken  for  the  estimation.  (See 
Fig.  68.)  The  ordinary  ga»-tube  may  be  used,  when 
the  readings  will  give  the  c.c.  of  nitrogen,  from  which 
the  urea  is  calculated. 

The  process  is  conducted  as  follows:  A  twenty  per  cent 
solution  of  KBr  is  added  to  the  fifth  division  of  the  ure- 
ometer. Chlorinated  soda  solution  (Squibb's)  is  then 
added  to  the  fifteenth  or  twentieth  division.  The  tube 
is  now  inclined  and  pure  water  poured  carefully  down 
the  side  of  the  tube  and  floated  upon  the  top  of  the 
fluids  already  in  it;  i  c.c.  of  urine  is  then  added,  in  the 
same  inclined  position,  so  that  it  will  not  mix  with  the 
reagents  below,  but  remain  in  the  water  at  the  surface  of 
the  fluid.  The  tube  is  now  firmly  grasped  in  the  right  hand, 
with  the  thumb  tightly  pressed  upon  the  open  end.  The 
tube  is  now  inverted,  and  the  contents  well  mixed  by  slowl^ 
inverting  the  tube  a  few  times.  A  rapid  decomposition 
takes  place,  which  is  usually  ended  in  from  three  to  five 
minutes.  During  this  time  the  liquid  is  kept  agitated  with- 
out violent  shaking.  As  soon  as  the  enervescence  has  ceased,  the  reading  is 
taken  at  the  surface  of  the  fluid,  with  the  tube  still  held  in  the  inverted 
position.  It  is  now  opened  under  water,  when  the  column  of  fluid  in  die  tube 
will  fall,  and  the  reading  is  again  taken.  It  is  best  to  have  a  wide,  deep  jar  for  the 
water,  so  that  the  tube  may  be  depressed  to  bring  the  surface  of  tne  Uquid  in 
the  tube  to  the  surface  of  the  water  in  the  jar;  but  an  ordinary  bowl  may  be  used. 
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as  the  eiTor  caused  by  the  difference  in  level  of  three  or  four  inches  of  water  is  veiy 
slight.  The  difiFerence  in  the  two  readings  gives  the  number  of  grains  of  urea  in 
a  nuidounce  of  urine.  This  quantity,  multiplied  by  the  nimiber  of  fluidounces 
passed  in  twenty-four  hours,  gives  the  amount  of  urea  excreted  in  twenty-four 
hours,  which  should  be  not  far  from  500  grains. 

A  less  quantity  than  350  grains  in  an  adult  of  150  pounds  body- 
weight,  who  is  eating  the  usual  amount,  should  be  regarded  as  patho- 
logical, and  suspicious  of  renal  insufficiency,  or  nephntis,  or  of  hepatic 
insufficiency. 

Clinical  Significance.— The  origin  of  urea  in  the  body  has  been 
the  subject  of  a  great  deal  of  discussion  and  experiment.  There  is  no 
doubt  diat  its  origin  is  in  the  decomposition  of  muscular  and  other 
tissues.  The  inmiediate  antecedents  of  urea  are  anmionia,  creatin, 
creatinin,  glycocin,  leucin,  uric  acid,  and  other  members  of  the  amiho- 
acid  class.  The  seat  of  the  chane^  of  diese  bodies  into  urea  is  be- 
lieved to  be  largely  in  the  liver.  The  evidence  of  this  in  the  case  of 
kudn,  is  direct,  and  there  is  increasing  evidence  that  this  organ  is' 
largely  concerned  in  the  synthetic  changes  which  lead  to  the  forma- 
tion of  urea  in  mammals  and  of  uric  acid  in  birds.  Schroeder  has 
shown  that  the  conversion  of  (NHJjCO,  into  urea  occurs  in  the  liver, 
and  Minkowski  has  shown  a  similar  relation  to  the  formation  of  luic 
acid  in  birds.  When  the  liver  is  diseased,  leucin  and  tyrosin  escape 
conversion  and  appear  in  the  urine,  and  at  the  same  time  there  is  a 
marked  diminution  in  the  excretion  of  urea.  It  is  also  probable  that 
some  urea  is  formed  in  the  cells  lining  the  tubules  of  the  kidneys.  A 
diminution  in  the  daily  excretion  of  urea,  then,  indicates  diminution 
of  hepatic  or  renal  function,  a  diminution  in  nitrogenous  metabolism, 
or  a  lessened  ingestion  of  nitrogenous  food. 

A  diminished  functional  activity  of  either  the  renal  or  hepatic  cells 
will  show  itself  by  a  diminution  of  urea  and  an  increase  of  other  nitrog- 
enous products  in  the  urine.  If  this  activity  is  very  greatly  lessened, 
uremia  is  likely  to  develop.  Uremic  symptoms,  then,  may  be  of  either 
renal  or  hepatic  origin.  When  an  examination  shows  a  deficiency  in  the 
amount  of  urea  excreted,  it  should  be  followed  by  an%stimation  of  the 
total  nitrogen.  When  the  total  nitrogen  is  normal  and  the  urea 
below  normal,  there  is  probably  no  deficiency  in  the  secreting  power  of 
the  kidney,  but  defective  hepatic  function.  When  both  urea  and  total 
nitrogen  are  low,  the  renal  permeability  is  diminished,  or  the  amount  of 
food  taken  or  the  general  metabolism  is  lowered.  An  estimation  of 
total  nitrogen  is  a  better  index  of  tissue  metabolism  than  an  estimation  of 
urea.  One  hundred  gm.  of  muscle  contain  about  3.4  gm.  of  nitrogen, 
corre^>onding  to  7.286  gm.  of  urea.  One  gramme  of  urea  is  thus  equal 
to  13.72  gm.  of  muscle,  or,  i  gm.  nitrogen  is  equal  to  29.4  gm.  of  muscle. 


6a8  MEDICAL  CHEMISTRY. 

As  the  amount  of  urea,*  or  total  nitrogen,  excreted  must  vary  with  the 
amount  of  nitrogen  taken  as  food ,  a  mere  statement  of  theamount  of  these 
found  in  the  urine  can  not  mean  much  unless  it  take  into  account  the 
amount  of  nitrogen  ingested,  the  body-weight,  and  other  evidences  of 
renal  permeability. 

For  every  loojbs.  of  body-weight,  an  adult  ought  to  excrete  each 
twenty-four  hours  about  20  to  25  gm.  of  urea,  or  0.20  to  0.25  gm.  for 
each  pound.  This  rule,  however,  wiU  not  hold  for  very  fat  subjects. 
Children  at  the  age  of  3  to  6  years  excrete  daily  about  0.45  gm.  of  urea 
per  pound  of  body-weight;  at  8  to  11  years,  0.36  gm.  per  pound;  and 
at  13  to  16,  about  0.18  to  0.27  gm.  per  pound. 

Azcretion  of  urea  is  increased  in  all  acute  fevers,  sometimes  to 
the  extent  of  40  to  60  gm.  per  day,  until  the  acme  of  the  disease,  when 
it  gradually  declines  to  below  normal  as  the  fever  abates,  and  gradually 
comes  up  to  normal  during  convalescence.  In  malarial  fever  the  urea 
b^^  to  increase  before  the  chill  or  paroxysm.  In  those  febrile  dis- 
eases which  terminate  by  crisis,  as  pneumonia,  the  ingreased  exaetion  of 
urea  may  continue  for  several  da3rs  after  the  crisis.  Another  exception 
to  the  above  rule  b  found  in  acute  yellow  atrophy  of  the  liver,  in  which 
the  urea  is  very  tow  and  is  repla<^  by  leucin  and  tyrosin.  It  is  in- 
creased in  diabetes  mellitus,  pernicious  anemia,  scurvy,  leukemia, 
paralysis  agitans,  chorea,  epilepsy,  non-febrile  gastro-intestinal  dis- 
orders, etc.  It  is  increased  in  arsenic,  antimony,  and  phosphcmis 
poisoning,  and  after  the  administration  of  caffeine,  ammonium  salts, 
potassium  chloride,  lithiiun  carbonate,  and  most  soluble  sodium 
salts. 

Diminished  excretion  of  urea  is  met  with  m  all  hepatic  diseases 
in  which  the  hepatic  cells  are  involved,  except  in  acute  febrile  diseases. 
It  is  decreased  in  cirrhosb,  and  carcinoma  of  the  liver,  Addison's  and 
Weil's  disease  (infective  jaundice),  lead  poisoning,  chronic  rheumatism, 
paresis,  osteomalacia,  chronic  nephritis,  chronic  alcoholism,  etc.  In 
general,  urea  is  diminished  in  most  chronic  non-febrile  diseases. 

Poiin  Bodies. — ^For  a  description  of  the  purin  bodies  see  page  442. 
The  urinary  purin  bodies  are  psutly  derived  from  the  disintegration  of 
the  nucleins  of  the  body,  and  partly  from  related  bodies  taken  in  foods. 
The  former  are  termed  endogenous  and  the  latter  exogenous  purins. 
Paranuclein  does  not  yield  purin  bodies  on  disintegratbn,  as  do  the 
true  nucleins.  The  most  abundant  of  these  bodies  found  in  the  urine 
is  uric  acid. 

The  amount  of  purins  produced  in  the  body,  or  taken  in  with 
foods,  in  any  given  day,  is  not  all  found  in  the  urine.  A  part  of  that 
formed  seems  to  be  stored  in  the  tissues  for  a  time.  A  single  estimation, 
therefore,  will  not  always  show  what  is  going  on  in  the  tissues.    The 
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daily  amount  of  purins  excreted  in  health  varies  from  0.4  to  uo  gm.,  the 
most  of  which  is  in  the  form  of  uric  acid.  Much  importance  has  been 
attached  in  recent  years  to  the  excretion  or  retention  of  the  purins  be- 
cause of  their  supposed  causation  of  various  pathological  effects.  Some 
have  attributed  these  effects  entirely  to  uric  acid,  but  it  is  probable 
that  all  of  them  axe  responsible  for  whatever  disturbance  has  been 
attributed  to  uric  acid. 

Much  study  has  been  expended  in  devising  methods  for  the  estima- 
tion of  uric  aod  and  the  total  purins,  and  many  methods  have  be^i 
devised  for  this  purpose.  The  estimation  of  uric  acid  is  usually  attended . 
with  much  dif&cul^  and  the  consumption  of  time,  and  the  most  of  the 
methods  are  not  available  for  clinical  purposes.  Some  of  the  easier 
methods  will  be  foimd  in  the  author's  "  Clinical  Chemistry." 

The  quantity  of  the  purins  excreted  in  health  runs  fairly  parallel 
with  the  urea,  and  consequently  most  authors  regard  the  relation  be- 
tween the  uric  acid  and  urea  excreted  as  of  more  importance,  as  an  in- 
dex of  nitrogenous  metabolism,  than  the  absolute  quantity.  To  study 
this  relation  properly  the  patient  should  subsist  upon  a  purin-free  diet, 
to  exclude  the  exogenous  or  food  purins.    , 

Such  a  diet  may  consist  of  eggs,  milk,  cheese,  butter,  rice,  cauli- 
flower, white  bread,  sugar,  and  potatoes.  Experiments  show  that  about 
half  of  the  purins  of  meats  taken  as  food,  appear  in  the  urine  as  uric 
acid  and  xanthin  bases  within  forty-eight  hours,  while  the  other  half 
appears  to  be  burned  to  urea.  A  small  part  of  the  food  purins  (about 
five  per  cent.)  escapes  absorption  and  appears  in  the  feces.  Recent 
studies  seem  to  show  that  for  an  adult  man  weighmg  150  lbs.,  the  total 
purin  nitrogen  of  endogenous  or  metabolic  action  is  from  0.150  to  0.160 
gm.  per  day.  When  calculated  to  uric  acid  this  equals  0.450  to  0.480 
gm.  If  we  take  30  to  33  gm.  as  the  average  daily  excretion  of  urea  for 
such  a  man,  the  ratio  between  the  endogenous  uric  acid  and  urea  will 
be  approximately  i :  60.  For  adults  on  a  mixed  diet,  the  usual  ratio  for 
uric  acid  (exclusive  of  the  other  purins)  is  about  i :  40  to  i  :  50.  The 
methods  of  estimating  total  purin  nitrogen  will  be  found  in  "  Clinical 
Chemistry,"  page  65. 

Uric  acid  occurs  in  the  urine  in  the  free  state,  but  oftener  in  com- 
bination with  potassium,  sodium,  ammonium,  and  occasionally  with 
calcium  and  magnesium,  called  collectively  urates. 

Uric  acid  is  soluble  in  14,000  parts  of  cold  water,  and  is,  therefore, 
frequently  met  with  as  a  sediment,  and  is  then  detected  *by  microscopic 
examination. 

Detection. — ^It  is  best  recognized,  when  in  the  free  state,  by  the 
microscope.  The  crystals,  as  seen  with  this  instrument,  are  colored 
yellow  or  reddish  by  the  pigment  uroerythrin,  and  appear  in  a  variety 
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of  shapes,  the  most  common  being  the  "lozenge"  or  "whetstone"  sh£4)e. 
They  are  sometimes  large  enough  to  be  seen  with  the  naked  eye,  when 
they  appear  as  minute,  garnet-colored  grains,  adhering  to  the  sides  or 
bottom  of  the  vessel. 

Chemical  Te8t8.~No.  i,  Murexid  Test.— Evaporate  a  portion 
of  the  urine  to  dryness  in  a  porcelain  dish  upon  a  water-bath.  Moisten 
the  residue  with  nitric  acid,  and,  after  evaporating  off  the  acid,  moisten 
the  residue  with  ammonium  hydroxide.  If  uric  add  be  present,  eitha: 
in  the  free  or  combined  state,  the  residue  assumes  a  beautiful  purple-red 
color,  due  to  the  formation  of  murexid.  The  reaction  occurs  also  with 
xanthin,  hypoxanthin,  tyrosin,  and  some  other  bodies. 

No.  2y  Carbonate  of  Silver  Test.— Render  the  urine  decidedly 
alkaline  with  Na^CO,  or  K3CO3,  and  moisten  a  filter  paper  with  the 
liquid.  Now  touch  the  moistened  paper  with  a  glass  nxl  dipped  in  a 
solution  of  AgNO,.  A  dbtinct  gray  stain  indicates  the  presence  of 
uric  acid. 

No.  3.  Treat  the  urine  with  Fehling's  solution  and  heat  to  nearly 
boiling,  when  a  white  precipitate  of  <x>pper  urate  forms.  Probnged 
boiling  causes  a  precipitation,  of  red  cuprous  oxide. 

Total  Nitrogen. — Besides  the  nitrogen  in  the  form  of  urea  and  purin 
bodies  a  certain  amount  of  the  nitrogen  taken  as  food  is  eliminated  in  the 
urine  in  the  form  of  pigments,  hippuric  acid,  indoxyl,  skatoxyl,  creatinin, 
etc.  This  is  especially  the  case  when  the  oxidizing  powers  of  the  body 
are  interfered  with,  or  in  diseases  of  the  liver.  It  is  therefore  of  im- 
portance in  some  cases  to  estimate  the  total  nitrogen,  the  urea  nitrogen, 
and  the  purin  nitrogen.  The  best  method  at  present  known  of  estimat- 
ing the  total  nitrogen  is  that  known  as  the  Kjeldahl  method,  which 
consists  in  boiling  a  measured  volume  of  urine  with  concentrated  HjSO^ 
until  clear,  neutralizing  with  NaOH,  and  distilling  off  the  ammonia 
produced  into  a  measured  volume  of  standard  acid.  By  titrating  the 
excess  of  acid,  and  deducting  this  from  the  acid  taken,  the  amount  of 
ammonia  produced,  and  from  that  the  nitrogen,  may  be  calculated.  A 
shorter  and  easier  method  is  very  much  to  be  desired. 

Nitrogen  Ratios. — Since  the  nitrogenous  substances  are  subject 
to  wide  variations  even  in  health,  and  disease  usually  disturbs  nitrogen- 
ous metabolism,  the  relative  amounts  of  the  different  forms  of  nitrogen 
of  the  urine  are  often  of  more  value  in  detecting  metabolic  disturbances 
than  absolute  amounts. 

A.  Robin,  Bayrac,  Huguet,  and  others  have  studied  these  ratios,  and 
have  determined  certain  ^irly  constant  ratios.  The  following  data  are 
based  upon  the  quantity  passed  in  twenty-four  hours  by  an  average 
tnan  in  good  health: 
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I.  Total  sdidt  passed  in  34  hours, 60   to    65  gm. 

a.  Total  urea  passed  in  34  hours, 30    to     33  " 

3.  Total  nltroffen  passed  in  34  hours, 18    to     23  " 

4.  Total  urea  N  passed  in  34  hours, 14    to     15  " 

5.  Endogenous  purin  N  passed  in  34  hours, 0.150  to  0.160  ** 

6.  Nitrogen  in  zanthin  bases  passed  in  34  hours, 0.030  to  0.035  " 

7.  Uric  add  N  passed  in  24  hours, 0.130  to  0.130  " 

The  last  four  data  are  based  upon  estimations  made  while  the  sub- 
jects were  taking  a  purin-free  diet  of  ^gs,  cheese,  milk,  bread,  butter, 
rice,  and  sugar.  From  these  data  we  may  formulate  the  following 
ratios  of  ncnrmal  tissue  metabolism: 

Ratio  of  urea  N  to  total  N, 0.8-0.85  to  i. 

it     u     "   N  to  endogenous  purin  N, 93  to  i. 

"      "     **   to  uric  add,  about 80  to  i. 

"      "     "    "     **     "    on  a  mixed  diet  (containing  purin  bodies), 

▼ariable,  but  about 40-50  to  i. 

Ratio  of  urea  to  total  solids, i  to  3. 

"     "     «     "chlorides, 3  to  i. 

«<     «     «     "P,0^ lotoi. 

Oxalic  Acid. — Normal  urine  contains  a  small  amount  of  oxalic 
acid;  about  0.05  gm.  per  day.  This  b  partly  derived  from  oxalates 
in  foods  taken,  partly  derived  from  imperfect  oxidation  of  the  carbo- 
hydrates and  fats,  and  partly  from  other  sources.  It  is  probable  that 
some  of  it  comes  from  the  oxidation  of  uric  acid,  and  probably  it  k  also 
generated  in  the  intestinal  canal  as  a  result  of  fermentation. 

The  overproduction  and  excretion  of  this  acid  in  the  urine  k  not 
clearly  understood.  It  is  usually  associated  with  a  deficiency  in  oxida- 
tion processes  in  the  body,  and  in  neurasthenia.  •  It  is  frequently,  also, 
associated  with  diabetes  mellitus.  It  occurs  as  a  sediment  of  calcium 
oxalate,  and  may  form  renal  or  vesical  calculi.  It  is  best  detected  with 
the  microscope.    (See  page  654.) 

ABNORMAL  COHSTITUERTS  OF  URINB. 

These  are  albumin,  globulin,  albumose,  glucose,  acetone,  diacetic 
acid,  bile-coloring  matters,  biliary  acids,  blood,  blood-coloring  matters, 
pus,  chyle,  and  abnormal  sediments,  such  as  tube-casts,  excessive 
amount  of  epithelial  cells,  mucus,  etc. 

Albumin. — Albumin  is  found  in  the  urine,  at  times,  without  ap- 
parent disturbance  of  health.  Usually,  however,  it  is  regarded  as 
pathological,  and  is  so  often  associated  with  various  inflammatory  dis- 
eases of  the  kidney,  that  its  presence  is  often  erroneously  taken  as  evi- 
dence of  some  one  of  these  diseases.  It  occurs  principally  in  the 
form  of  scrum-albumin.  It  is  coagulated  by  a  temperature  of  from  73® 
to  75^  C.  (163.4^  to  167^  F.).    In  all  cases  the  urine  should  be  clear 
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before  applying  the  tests  for  albumin.  If  not  dear,  it  should  be 
either  settled  and  decanted,  or  filtered.  It  is  sometimes  necessary  to 
shake  the  urine  with  pulverized  talc,  or  other  insoluble  powder,  before 
filtering,  to  get  it  dear.  The  tests  for  albumin  usually  depend  upon 
its  coagulation  and  the  formation  of  a  turbidity  in  the  solution.  A 
few  tests  depend  upon  a  change  in  color.  The  tests  that  are  most 
satisfactory  and  most  often  used  are  the  following: 

1.  Heat  and  Nitric  Acid  Test. — ^Heat  about  5  c.c.  of  the  urine  to 
boiling  m  a  test-tube.  A  turbidity,  if  present,  will  be  due  to  albumin 
or  earthy  phosphates.  Now  add,  slowly,  a  few  drops  of  acetic  or 
nitric  acid.  If  the  turbidity  be  due  to  the  pho^hates,  it  disappears, 
while,  if  due  to  albumin,  it  remains  permanent.  Care  must  be  taken, 
m  the  addition  of  the  acid  after  boiling,  to  note  the  effect  after  eadi 
drop  is  added,  and  to  go  on  adding  it  until  there  can  be  no  doubt  that 
the  urme  b  distinctly  acid.  A  large  excess  of  acid  is  to  be  avoided* 
This  test  will  show  traces  of  albumin  only  under  the  most  favorable 
conditions. 

2.  Heller's  Test.  The  Contact  Method.— Place  2  c.c  of  pure 
HNO,  in  a  narrow  test-tube,  and,  inclinmg  the  tube  to  one  side,  pour 
the  urine  carefully  down  the  side  of  the  tube  so  that  it  may  float  upon 
the  acid.  This  is  best  done  with  a  dropper-pipette,  or  by  pouring  the 
urme  from  one  test-tube  into  another,  holding  both  in  a  nearly  hori- 
zontal position.  If  this  be  carefully  done,  there  will  be  very  little  ad- 
mixture of  the  two  liquids.  If  albumin  be  present,  a  white,  opaque 
zone  of  coagulated  albumin  appears  at  the  line  of  contact  of  the  two 
fluids.  A  brown  zone  jyUl  frequently  be  seen  at  this  point,  which  grows 
in  intensity  on  standing,  and  is  due  to  the  action  of  the  acid  on  the 
coloring  matters  (Rosenbach's  reaction) ,  but  it  does  not  give  any  turbid- 
ity unless  albumin  is  present.  If  bile  be  present,  the  color  may  be 
green;  if  blood,  brown-red.  This  test  is  decidedly  more  ddicate  than 
No.  I. 

Precautions. — Occasionally  after  the  administration  of  turpentine, 
or  balsams  and  resins,  these  are  precipitated  by  HNOj  as  a  yeUow- 
white  doud,  which,  however,  is  soluble  in  alcohol  Rardy  the  uric 
acid,  sometimes  set  free  by  HNOj,  resembles  the  precipitat«l  albumin 
nearly  enough  to  be  mistaken  for  it. 

Roberts  modifies  Heller's  test  by  using,  instead  of  pure  nitric  acid,  a 
mixture  of  i  volume  of  HNO,  and  5  volmnes  of  a  saturated  solution 
of  MgS04.  This  reagent  is*  as  sensitive  as  HNO„  and  pleasanter  to 
handle.    It  is  used  in  the  same  way. 

3.  Acetic  Acid  and  Potassiiun  Ferrocyanide.— Acidulate  the 
urine  with  acetic  acid,  filter  if  much  mucoid  substance  is  precipitated,  and 
then  add  a  few  c.c.  of  a  solution  of  potassium  ferroc3ranide.    Or,  better. 
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float  the  acidulated  urine  over  the  K^FeCy^  sohition.  If  albiunin  be 
present,  it  appears  as  a  white,  gelatinous  precipitate.  This  reagent 
does  not  precipitate  the  alkaloids;  it  does  precipitate  albumose  and 
nudeo-albumin.  The  former  dissolves  in  excess  of  acetic  acid.  It 
is  a  very  delicate  and  reliable  test. 

4.  Picric  Acid  with  Acetic  Acid.— A  cold,  saturated  solution  of 
picric  acid  may  be  used  by  the  contact  method,  after  previous  acidu- 
lation  of  the  urine.  At  the  Ime  of  contact  the  albumin  appears  as  a 
yellowish-white  zone.  Heat  afterward  to  dissolve  alkaloids,  mucin,  and 
urates,  which  are  precipitated  with  the  albumin.  It  is  better  to  heat  the 
urine  before  adding  the  reagent. 

5.  Tanret's  Test  (Potassio-mercuric  Iodide  Test).— Reagent 
prepared  as  follows:  Mercuric  chloride,  1.35  gm.;  potassium 
iodide,  3.3a  gm.;  acetic  acid,  20  c.c;  distiUed  water,  80  c.c 

The  HgCl,  and  KI  are  separately  dissolved  m  water  and  then  ■ 
mixed,  and  the  acetic  acid  afterward  added.  The  resulting 
liquid  is  heavier  than  urine  (sp.  gr.,  1040),  and  is  best  used  by 
the  contact  method.  It  is  exceedingly  delicate,  detecting  i  part 
of  albumin  in  20,000  parts  of  urine.  Heat  to  dissolve  the  alka- 
k)ids,  nudeo-albumin,  and  peptone,  as  in  tests  4  and  5. 

6.  A  solutbn  of  salicyl-sulphonic  acid  in  water,  or  the 
crystalline  acid  added  directly  to  the  urine,  is  a  very  delicate 
test  for  all  forms  of  proteid,  precipitating  albumoses  and  pep- 
tones, but  not  alkaloids  or  mucin.  The  albumoses-  and  pep- 
tones dissolve  on  heating,  to  reappear  on  cooling.  A  large  ex- 
cess of  mucin,  or  nudeo-albumin,  may  give  a  cloudiness  with 
this  reagent. 

Albumin  test-papers,  suggested  by  Dr.  Oliver,  may  be 
prepared  by  saturating  bibulous  paper  in  solutions  of  potas-      ^^  ^ 
siomercuric  iodide,   of  potassium  ferrocjranide,  and  of  dtric 
acid.    To  use  these  papers  the  luine  is  acidified  with  one  of 
the  citric  acid  papers,  and  then  either  a  potassiomcrcuric  iodide  or  a 
potassium  ferroc3ranide  paper  added. 

Estimation. — ^The  easiest  approximate  method  of  estimating  albu- 
min is  to  boil  a  given  quantity  of  the  urine  in  a  test-tube,  add  2  or  3 
drops  of  nitric  acid,  set  aside  for  twdve  hours,  and  note  the  volume  oc- 
cupied by  the  predpitated  albumin.  This  is  generally  spoken  of  as 
voltune  per  cent.,  and  has  no  relation  to  actual  percentage. 

A  more  accurate  method,  and  one  suffidently  so  for  clinical  purposes, 
is  with  Esbach's  albuminometer.  This  consists  of  a  graduated  glass 
tube,  shown  in  figure  69.  To  use  the  instrument,  fill  to  U  with  urine, 
and  to  R  with  the  test  Uquid.  Close  the  tube  by  a  rubber  stopper,  mix 
by  agitation,  and  set  aside  for  twenty-four  hours.    Each  of  the  main 
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divisions  which  the  precipitate  covers  represents  i  gnu  of  albumin  in  i 
liter  of  urine. 

Test  solution:  Picric  add, \ : lo  gm. 

Citric  add, ao  gm. 

Water, looo  gm. 

Senim-globulin,  or  paraglobulin,  is  usually  associated  with 
serum-albumin,  from  which  it  may  be  aq>arated.  It  occurs  with 
serum-albumin,  and  rarely  without  it.  It  is  most  abundant  in  amy- 
loid  kidney,  in  some  cases  of  acute  nephritis,  and  in  the  tenq)orary 
albuminuria  of  disordered  digestion.  It  may  be  detected  in  the  urine 
as  follows:  To  a  large  volume  of  water  in  a  beaker  or  urine-glass,  let  fall 
a  few  drops  of  the  clear  albuminous  urine.  If  globulin  be  present,  eadi 
drop  as  it  falls  will  be  followed  by  a  milky  train,  which,  when  enough  is 
added,  forms  an  opalescent  cloud  in  the  water.  The  additioQ  of  acetic 
acid  dissolves  this  cloud.  This  test  depends  upon  the  fact  that  ^obulin 
is  soluble  in  a  weak  solution  of  sodium  chloride,  such  as  urine  is,  but 
on  greatly  dQuting  thb  solution  the  globulin  becomes  insoluUe.  It  is, 
therefore,  precipitated  by  diluting  the  urme  until  the  q>ecific  gravity 
is  I003  to  1003. 

It  may  be  precipitated  by  rendering  the  urine  slightly  alkaline  with 
NH4OH,  filtering  to  sq)arate  the  phosphates,  and  adding  to  the  filtrate 
an  equal  volume  of  a  saturated  solution  of  ammonium  su^hate.  If 
a  precipitate  forms,  it  is  globulin. 

AlbumoseSi  or  Propeptones.— (i)  To  test  for  albumose  it  is  best 
first  to  remove  the  albumin.  This  is  best  done  by  acidifying  the  urine 
with  a  few  drops  of  acetic  acid  and  adding  an  equal  volume  of  a  satu- 
rated solution  of  common  salt,  boiling,  and  filtering  while  hot.  Albu- 
min and  globulin  are  thus  removed.  The  filtrate  is  allowed  to  cool^ 
and  any  turbidity  which  separates  on  cooling,  and  which  disappears 
on  heating  to  reappear  again  on  cooling,  is  albumose  or  propeptone. 
This  precipitate  will  appear  only  when  albumose  is  present  in  consid- 
erable quantity.  (2)  Thb  filtrate  may  be  further  examined  as  fol- 
lows: Half  fill  two  tubes  with  the  filtrate.  To  both  of  them  add 
I  c.c.  of  a  saturated  aqueous  solution  of  salicyl-sulphonic  acid. 

A  turbidity  will  indicate  albumin,  globulin,  nudeo-albumin,  or 
albumose.  Heat  one  of  the  tubes  to  or  near  to  boiling  and  compare 
the  tubes.  If  the  turbidity  be  due  to  albumose,  this  will  have  been 
dissolved  in  the  hot  tube,  and  there  will  be  a  diminished  turbidity  in 
that  tube. 

The  albumose  precipitate  is  completely  dissolved  on  adding  an 
excess  of  anmionium  hydroxid,  while  the  albumin  and  globulin  pre- 
cipitate  is  insoluble. 
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When  the  origmal  urine  contains  no  albumm  or  globulin,  this  test 
may  be  applied  directly  to  it. 

It  is  best,  however,  to  remove  any  nudeo-albumin  that  may  be 
present,  by  the  addition  of  a  few  drops  of  lead  acetate,  taking  care  not 
to  add  an  excess,  filtering  out  the  heavy  white  precipitate,  and  apply- 
ing the  test  to  the  dear  filtrate. 

Clinical  Sigmficance. — Albumose  in  the  urine  is  a  valuable  sign 
of  concealed  pus  somewhere  in  the  body.  Whenever  there  exists  pent-up 
pus,  not  walled  off  by  adhesions,  the  disintegration  of  the  pus-cc^usdes 
and  the  absorption  of  the  products  give  rise  to  albumose  in  the  urine. 

Its  diagnostic  importance  is  therefore  very  great. 

It  is  found  during  uterine  involution  after  labor,  whether  there  be 
suppuration  or  not. 

It  is  found  in  c^ebro-^inal  meningitis,  but  not  in  tubercular  men- 
ingitis; in  pneumonia  during  resolution;  in  purulent  pleurisy;  sup- 
Eurating  appendidtis,  but  ceases  when  the  abscess  is  waUed  off  by  ad- 
esions;  during  typhoid  fever  when  intestinal  ulcers  have  f(uined; 
during  the  formation  of  cavities  in  phthisis;  in  abscess  of  the  liver, 
peritonitis,  carbundes,  pelvic  abscess,  etc. 

Peptonuria. — True  peptone  does  not  occur  in  normal  urine,  and 
rarely  if  ever  in  pathological  urines.  What  is  sometimes  ^oken  of  as 
peptonuria  is  properly  albumosuria. 

Mucoid  Substance. — ^Thb  is  a  compound  protein  found  in  traces 
in  normal  urine  and  is  secreted  by  the  epithelium  of  the  imnary  tract. 
It  is  often  confounded  with  mucins  another  gluco-protein,  and  which 
on  boiling  with  dilute  acids  yields  a  reducing  sugar  in  greater  abundance 
than  mucoid  substance.  Both  bodies  are  precipitated  with  acetic 
acid,  but  mucoid  is  soluble  in  excess,  while  mucin  is  insoluble.  Accord- 
ing to  Momer,  normal  urine  contains  no  mudn,  but  the  flqcculent 
sediment  seen  in  most  imnes  on  standing  a  short  time  is  composed 
mostly  of  mucoid  substance.  In  some  pathological  conditions  true 
mucin  may  be  found  in  the  urine. 

Mucoid  substance  is  characterized  by  giving  a  precipitate  with 
acetic  acid  (soluble  in  excess)  and  with  MgSO^  added  to  saturation. 
Tlie  predpitate  is  soluble  in  weak  NH.OH. 

1.  To  10  C.C  of  the  dear,  filterea  urine,  free  from  albumin  and 
globulin,  add  strong  acetic  add  drop  by  drop.  An  opalescence  or  tur- 
bidity will  indicate  nucleo-albumin  or  mucoid  substance.  The  presence 
of  the  neutral  salts  hinders  this  precipitatioii.  It  is  best,  therefore,  to 
dilute  the  urine  with  three  volumes  of  water  before  making  the  test. 

2.  Heller's  Test. — ^Mucoid  gives  a  white  zone  or  diffused  cloud, 
similar  to  albumin,  but  from  0.5  to  i  centimeter  above  the  acid.  Thb 
ckHfd  is  often  more  distinct  in  the  diluted  (i  to  3)  urine. 
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Accidental  Albuminuria. — Whenever  the  urine  contains  blood, 
pus,  or  serous  discharges  it  will  of  necessity  contain  albumin.  Fibrin 
will  be  found  when  there  are  hemorrhages  from  the  genito-urinary 
passages,  and  in  intense  or  acute  inflammations  of  the  kidneys.  It 
also  occurs  in  the  urine  of  most  cases  of  chyluria.  It  is  readily  recog- 
nized by  its  spontaneous  coagulation,  forming  a  diick,  gelatinous, 
glairy  mass,  separating  at  the  bottom  of  the  containing  vessel.  The 
coagulmn  may  be  Altered  out  and  its  solubility  determined.  If  in- 
soluble in  dilute  alkalies  and  ten  per  cent.  NaCl  solution,  it  is  fibrin. 

Blood. — ^The  presence  of  blood  may  be  detected  most  certainly 
by  the  microscope  or  the  spectroscope. 

Guaiacum  Test  for  6lood.— Mbc  a  small  portion  of  the  urine 
in  a  test-tube  with  an  equal  volume  of  a  mixture  of  freshly  prepared 
tincture  guaiacum  and  spirits  of  turpentine.  The  turpentine  should 
previously  have  been  exposed  to  the  air  for  some  time.  If  blood- 
coloring  matter  be  present,  the  mixture  assumes  an  indigo-blue  color, 
the  rapidity  of  formation  and  depth  of  color  depending  upon  the  amount 
of  blood-coloring  matter  present. 

Note. — Pus  freauently,  if  not  always,  gives  the  same  color.  Saliva  and  salts  of 
iodine  also  give  a  blue  color  with  this  test,  but  the  color  due  to  these  substances 
appears  only  after  a  considerable  lapse  of  time,  and  is  seldom  likely  to  mislead. 
From  the  depth  of  the  color  of  the  urine,  and  the  rapidity  of  the  appearance  of  the 
blue  color,  one  can  approximately  estimate  the  amount  of  blood  present.  The 
spirits  of  turpentine  used  in  this  test  may  be  replaced  by  a  solution  of  peroxide  of 
hydrogen,  or  a  mixture  of  ether  and  H,0,  (ozonic  ether). 

I&ving  determined  that  blood  is  present  in  the  urine,  it  is  a  dijfficult  matter  to 
decide  whether  the  albuminuria  is  due  entirely  to  the  albumin  introduced  with  the 
blood,  or  whether  it  is  a  true  albuminuria  of  renal  or  inflammatory  origin.  This  will 
often  depend  upon  other  symptoms  than  those  to  be  found  in  the  urine.  Dissolved 
blood-coloring  matter  is  sometimes  met  with  in  the  urine,  when  it  b  called  hemo- 
globinuria. In  hemoglobinuria,  blood-corpuscles  are  not  to  be  found  with  the 
microscope,  while  in  hematuria  the  corpuscles  are  found.  It  ocasionally  happens 
that  the  urine  rapidly  becomes  alkaline  after  being  secreted,  and  the  red  blood- 
corpuscles  are  disintegrated  and  dissolved  by  the  alkaline  urine.  The  urine  contain- 
ing the  dissolved  corpuscles  b  then  always  alkaline,  while  the  urine  of  true  hemo- 
globinuria is  usually  acid.  We  may  conveniently  distinguish,  then,  two  conditions: 
In  one,  the  blood-coloring  matter  is  in  solution,  and  in  the  other  it  is  in  suspension 
as  blood-corpuscles.  In  the  former  case  the  coloring  matter  will  not  sepuurate  on 
standing,  while  in  the  latter  there  will  usuallv  separate,  within  a  few  hours,  a  more  or 
less  abundant  red  sediment.  If  the  hemorrhage  be  a  profuse  one,  especially  if  from 
the  bladder  or  ureters,  the  blood  will  almost  aU  of  it  settle  to  the  bottom  of  the  con- 
taining vessel,  and  leave  a  clear  yellow,  almost  normal-looking  urine  above,  or  if  the 
urine  oe  filtered  the  most  of  the  blood  remains  on  the  filter.  If  the  hemorrhage  be  a 
gradual  oozing,  as  in  acute  inflammation  of  the  kidneys,  the  coloring  matter  will 
remain  in  suspension  and  the  liquid  retain  its  color  for  many  days.  It  is  not  un- 
usual to  have  hemoglobinuria  and  hematuria  together,  especially  in  acute  diffuse 
nephritis,  or  in  malarial  hematuria. 

PiS8. — If  the  urine  contains  pus  it  wiU  always  be  turbid,  and 
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rapidly  deposit  a  white  or  greenish-white  sediment.  The  dear  solu- 
tion will  be  found  to  contain  albumin  and  globulin.  The  applica- 
tion of  heat  to  the  sediment  does  not  dissipate  it,  as  it  does  the 
sediment  of  urates.  Neither  is  it  dissolved  by  dilute  acids,  as  b  the 
somewhat  similar-looking  precipitate  of  the  earthy  pho^hates.  A 
whitish  sediment,  therefore,  which  is  insoluble  with  heat  or  dilute 
acids,  and  which  dissolves  in  strong  alkaline  solutions,  giving  a  gelat- 
inous, ropy  liquid,  is  probably  pus.  Donne's  test  consists  in  adding 
a  solution  of  NaOH  to  the  sediment,  when,  if  it  be  pus,  it  is  converted 
into  a  gelatinous  mass  resembling  raw  white  of  egg.  When  pus  is 
treated  with  a  solution  of  hydrogen  peroxide  it  undergoes  rapid  effer- 
vescence. This  is  a  valuable  test  for  pus  in  the  urine  or  in  other  fluids. 
The  microscope  is  a  more  certain  test  for  pus.  Having  detected  pus  in 
the  urine,  it  is  sometimes  very  difficult  to  determine  whether  the 
albuminuria  accompanying  it  is  accidental — i,  e.,  whether  the  albumin 
is  derived  from  the  pus,  or  whether  there  is  a  true  albuminuria  due 
to  some  disease  of  the  kidney.  The  s3rmptoms  of  the  patient  will  assist 
in  determining  in  many  cases,  though  not  in  all. 

Sugar.— It  has  been  claimed  by  many  that  dextrose  occurs  in 
normal  urine,  and  it  has  been  diluted  by  equally  good  authority. 
The  most  delicate  tests  do  detect  ^ucose  in  nx>st  urines  otherwise 
normal,  though  not  in  all.  Suffice  it  to  say,  that  the  usual  tests,  and 
those  heft  mentioned,  except  Molisch's,  will  not  detect  this  substance 
in  normal  urine.  Its  appearance,  then,  in  sufficient  quantities  to  be 
detected  by  any  of  them  must  be  regarded  as  abnormal. 

When  glucose  occurs  in  the  urine  in  an  appreciable  amount,  it 
is  known  as  glycosuria.  When  its  occurrence  persists  for  a  consid- 
erable time  and  in  considerable  amount,  and  is  attended  with  an  in- 
creased amount  of  a  light-colored  urine,  generally  of  a  high  ^)edfic 
gravity,  and  an  increased  daily  excretion  of  xirea,  it  b  pathological, 
and  the  disease  is  known  as  diabetes  mellitus.  The  specific  gravity 
is  some  guide  to  the  detection  of  diabetes  mellitus,  but  the  specific  gravi^ 
abne  is  not  conclusive.  A  high  specific  gravity,  with  a  large  quanti^ 
of  light-colored  mine,  is  strong  presumptive  evidence  of  diabetes  melH- 
tus.  The  finding  of  sugar  in  such  a  case  is  confirmatory.  The  de- 
tection of  sugar  in  the  mine,  when  present  in  more  than  traces,  is  a 
comparatively  simple  process;  but  when  the  quantity  is  very  small  it  is 
no  easy  matter. 

Tests  for  Glucose. — i.  Trommer*s  Test.— To  4  or  5  c.c.  of  urine, 
in  a  test-tube,  add  one-half  its  volume  of  sodium  hydroxide  solution, 
and  I  or  2  drops  of  a  solution  of  CUSO4  (i  to  10).  If  sugar  be  present, 
a  clear,  deep-blue  solution  is  obtained.  If  an  excess  of  copper  sul- 
phate be  added,  a  clear  solution  may  not  be  obtained,  and  will,  m  this 
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way,  disturb  the  test.  The  solution  b  now  to  be  heated  ahnost  to  boil- 
ing, but  it  is  better  not  to  boil.  If  sugar  be  present,  at  first  a  greenish, 
and  then  a  yellowish  turbidity  forms,  which  rapidly  changes  to  a  reddish- 
yellow  color,  and  precipitates  red  cuprous  oxKle.  A  flocculent  precipi- 
tate of  the  earthy  phosphates  always  forms  on  adding  the. alkali,  qjkI 
must  not  be  mistaken  for  suboxide  of  copper.  Urine  containing  uric 
acid,  the  xanthin  bases,  creatinin,  indoxyl-sulphates,  peptone,  lactose, 
glycuronic  and  glycosuric  acids,  mucus,  and  other  substances  found  in 
some  urines  will  decolorize  the  blue  solution,  but  there  will  be  no  red 
precipitate.  In  fever  urines,  this  decolorization  without  precipitation 
interferes  greatly  with  the  employment  of  this  test.  //  is,  therefore, 
not  to  be  relied  upon  in  doubtful  cases. 

To  eliminate  this  source  of  trouble  with  the  copper  test,  it  is  best  to 
perform  the  test  as  follows: 

From  7  to  8  c.c  of  the  urine  are  heated  to  boiling  in  a  test-tube,  and, 
without  filtering  from  any  precipitate  that  may  form,  adding  i  c.c  of 
the  copper  sulphate  solution;  then,  when  partially  cooled,  i  to  2  cc 
of  a  saturated  solution  of  sodium  acetate,  having  a  slight  acid  reaction, 
and  filter.  To  the  filtrate,  which  should  have  a  greenish-blue  color, 
add  the  alkali,  or,  better,  the  alkaline  tartrate  solution  used  to  make 
Fehling's  solution,  and  boil  for  fifteen  to  twenty  seconds.  Thus  modi- 
fied, the  copper  test  is  much  more  reliable.  Most  of  the  interfering 
substances  may  be  separated  by  adding  to  the  hot  urine  one^ourth  its 
volume  of  a  10  per  cent,  solution  of  lead  acetate,  filtering  off  the  precipi- 
tate, and  testing  the  filtrate  for  sugar. 

2.  Other  Forms  of  the  Copper  Test.— Haines's  solution  is 
made  by  dissolving  copper  sulphate  in  a  mixture  of  equal  volumes  of 
glycerol  and  water  and  made  strongly  alkaline  with  sodium  hydroxide. 
This  solution  may  be  used  in  larger  quantities  than  the  aqueous 
solution  of  copper  used  in  Trommer's  test,  and  some  of  the  difficulties 
of  diat  test  overcome.  The  decolorizing  effect  of  normal  urine  is 
not  sufficient  to  decolorize  a  large  amount  of  copper  solution.  By 
adding  a  considerable  amount  of  Haines's  solution  before  heating, 
this  error  is  partially  eliminated.  Fehling's  solution  is  sometimes 
employed  as  a  qualitative  test,  but  usually  only  as  a  quantitative  test. 
Haines's  solution  has  all  the  advantages  of  Fehling's,  with  the  addi- 
tional advantage  that  it  keeps  better.  It  is  best  to  keep  the  copper 
sulphate  solution  in  glycerol  and  water  separate,  adding  the  NaOH  solu- 
tion at  the  time  of  making  the  test. 

3.  Bismuth  Test. — ^To  a  few  cc.  of  the  urine,  in  a  test-tube,  add 
an  equal  volume  of  sodium  hydroxide,  and  then  a  fragment  of  bismuth 
subnitrate;  mix  well  and  boil  for  from  three  to  five  minutes.  If  sugar 
be  present,  black  metallic  bismuth  will  be  deposited  «£  a  sediment 
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If  the  quantity  of  sugar  be  small,  only  a  part  of  the  bismuth  will  be 
reduced,  and  the  precipitate  will  appear  gray.  Albumin  must  be 
removed  before  this  test  is  applied,  or  it  will  be  decomposed  by  boiling 
with  the  alkali,  forming  the  sulphide  of  bismuth,  which  will  give  a  black 
precipitate. 

4*  Nylander's  Test.— A  better  form  of  the  bismuth  test  is  as  follows: 
A  solution  b  made  of  bismuth  subnitrate,  a  gm.;  Rochelle  salt,  4  gm.; 
sodium  hydroxide,  8  gm.;  and  distilled  water,  100  c.c.  The  urine  is 
heated  to  boiling  and  a  few  drops  of  this  alkaline  solution  of  bismuth  is 
added,  when,  on  continuing  the  boiling,  the  mixture  turns  black  if  sugar 
be  present.  As  in  the  previous  test,  albumin  must  be  absent  before 
this  test  is  applied.  This  reagent  is  exceedingly  delicate,  and  it  is 
claimed  to  detect  0.025  per  cent,  of  glucose. 

5.  Moore's  Test. — ^Add  to  the  suspected  urine  one-half  its  volimie 
of  sodium  hydroxide  solution,  and  boiL  If  sugar  is  present,  a  dark- 
yellow,  brown,  or  chocolate  color  is  produced.  The  depth  of  cobr 
is  proportional  to  the  amount  of  sugar  present. 

6.  Indigo-carmine  Test. — Reagent:  Mix  i  part  of  indigo- 
carmine,  or  of  dried  commercial  extract  of  indigo,  with  30  parts  of 
pure,  dry  sodium  carbonate.  To  5  c.c  of  the  suspected  urine  add 
enough  of  the  above  powder  to  give  a  transparent,  blue  solution,  and 
heat  to  boilmg  without  agitation.  If  sugar  b  present,  the  solution 
changes  to  violet,  cherry-red,  and  finally  yellow.  On  agitation,  these 
colors  appear  in  the  reversed  order. 

The  Quantitative  Estimation  of  Dextrose.— This  b  generally 
n^de  with  Fehling's  solution.  Thb  solution  b  best  prepared  in  two 
.parts,  which  are  kept  separately,  as  the  completed  solution  does  not 
keep  well.  These  solutions  are  prepared  as  follows:  No.  i.  34.639 
gm.  of  pure,  recrystallized  copper  sulphate  are  dissolved  in  distilled 
wat«r,  and  made  up  to  exactly  500  c.c.  No.  a.  175  gm.  of  crystal- 
lized Rochelle  salt  and  80  gm.  of  sodium  hydroxide  are  dissolved  in 
distilled  water  and  made  up  to  exactly  500  c.c.  When  needed  for 
use,  exactly  equal  volumes  of  these  two  solutions  are  mixed.  The 
solution  will  be  of  such  strength  that  10  c.c  are  decolorized  by  0.050 
gm.  of  dextrose  or  diabetic  sugar. 

The  process  is  conducted  as  follows:  Ten  c.c.  of  Fehling's  solution  is  measured 
out  into  a  beaker  or  porcel^n  basin,  diluted  with  about  40  c.c.  of  water,  and  broi^ht 
to  the  boiling  point.  The  urine  is  delivered  into  this  blue  solution  from  a  burette, 
until  the  blue  color  is  just  discharged.  The  amount  of  urine  added  is  then  read  off 
from  the  burette.  This  amount  contains  0.050  gm.  of  sugar.  From  this  it  b  easy 
to  calculate  the  quantity  contained  in  1000  c.c,  or  a  liter.  If  the  urine  contains  a 
considerable  Quantity  of  sugar,  it  will  be  necessary  to  dilute  it  with  four  volumes  of 
water  before  beginning  the  titradoo*  when  the  results  of  the  titration  should  be 
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multiplied  by  five.  It  is  always  somewhat  difficult  to  determine  the  exact  disap- 
pearance of  the  blue  color,  owing  to  the  presence  in  the  solution  of  the  predpitatoi 
suboxide  of  copper.  This  difficulty  may  be  overcome  by  the  addition  of  some  sub* 
stance  that  win  prevent  the  precipitation  of  the  cuprous  oxide,  as  NH4OH,  KCy,  or 

K,Fe(CN)e. 

The  author's  method  id  as  follows:  Tenc.c.  of  Fehling's  solution  is  measured 
out  into  a  suitable  flask.  To  this  10  c.c.  of  a  freshly  prepared  10  per  cent  solution 
of  potassium  ferrocyanide  is  added,  and  about  30  c.c.  of  water.  The  mixture  is 
heated  on  a  water-bath,  and  the  urine,  previously  diluted  with  water,  if  it  contains 
much  sugar,  is  run  in  from  a  burette,  drop  by  drop,  until  the  blue  coior  just  disap- 
pears, allowing  from  two  to  five  minutes  to  elapse  between  each  addition  of  the 
urine.  This  can  readily  be  seen,  as  the  solution  remains  clear,  or  but  slightly 
turbid,  to  the  end  of  the  reaction.  The  addition  of  the  slightest  excess  of  sugar 
shows  itself  by  the  solution  becoming  quickly  brown.  By  careful  compaiyttive  tests 
the  author  has  found  this  method  to  be  accurate,  reliable,  and  rapid,  provided 
the  solution  be  not  boiled  during  the  reduction.  The  best  temperature  for  the 
process  was  found  to  be  between  80®  and  90®  C.  (176®  to  194®  F.).  The  number 
of  c.c.  of  urine  used  contains  0.050  sm.  of  su^. 

LerolOM  frequently  occurs  in  dmbetic  unne.  It  may  be  detected  by  the  bril- 
liant-red cok>r  produced  when  the  urine  is  heated  with  an  equal  volume  of  strong 
HCl  and  a  few  crystals  of  resordn.    Its  significance  is  not  well  understood. 

LactOMy  or  milk-tugar,  occurs  in  the  urine  of  nursing  women  or  of  women 
soon  after  weaning.    Its  reco^tion  requires  first  its  separation  from  the  fluid. 

Dextrin  has  been  found  m  the  mine  of  diabetics,  where  it  seems  to  take  the 
place  of  dextrose.  Other  carbc^drates  found  rarely.  In  the  urine  are  pentoses* 
laomaltose,  and  animal  gum.  The  clinical  import  of  cane-sugar,  animal  ^km, 
isomaUose,  and  Uvulose  is  not  well  known.  Pentoses  frequently  occur  in  normal  and 
In  diabetic  mines.    The  tests  nven  on  page  jaS  will  be  sufficient  to  identify  them. 

Clinical  Significance  of  Olyoosana.— A  trace  of  glucose  in  the  urine  has  no 
clinical  significance.  A  larger  amount,  if  temporarily  present,  is  known  as  glyco- 
Syria,  and  has  no  serious  meaning.  If  present  m  con^oerable  amount  and  more  or 
less  permanent,  it  is  termed  diabetes  meUitus.  In  this  disc»Eise  it  Is  also  accompanied 
by  a  secretion  of  a  large  amount  of  a  light-colored  urine  of  a  sp.  gr.  usually  above 
normal,  of  a  sweet  taste,  and  usiudly  containing  an  excess  of  urea.  Such  urines  have 
a  viscid  appearance,  froth  easily,  and  often  have  a  sweetish  odor.  The  patient' 
usually  suffers  from  thirst,  frequent  micturition,  loss  of  wei^t  and  strength.  No 
age  is  exempt,  but  it  is  more  frequent  between  the  ages  01  thirty-five  taid  sixty. 
Less  frequent  and  constant  symptoms  are  cough,  tuberculosis,  bolls  and  carbuncles, 
eczema,  severe  neuritis,  most  often  of  the  brachial  and  crural  nerves,  derangement 
of  the  special  senses,  especially  of  vision  and  occasionidly  of  hearing,  smell,  and 
taste.  The  fatal  termination  of  diabetes  mellitus  is  most  often  preceded  by  coma — 
the  so-called  diabetic  coma; 

Diabetic  coma  must  not  be  confounded  with  other  forms  of  coma  occasionally 
met  with  in  diabetes,  as,  for  example,  apoplexy  and  uremia.  No  doubt,  many  cases 
which  pass  for  true  diabetic  coma  are  cases  of  uremia,  for,  sooner  or  later,  the  kid- 
neys are  apt  to  become  structurally  deranged. 

Sugar  is  also  found  in  the  urine  in  certain  other  affections,  especially  in  distur- 
bances of  the  abdominal  circulation.  By  wounding  certain  parts  of  the  medulla, 
temporary  glycosuria  may  be  produced  In  the  lower  animals.  During  the  first  week 
of  lactation,  and  after  any  obstruction  to  the  flow  of  milk,  as  after  weaning,  there  is 
always  a  small  quantity  of  sugar  in  the  urine,  probably  lactose.  Sugar  has  ap- 
peared in  the  urine  after  the  internal  administration  of  turpentine,  nitrobenzene,  and 
nitrotoluene.  The  liver  Is  continually  pouring  glucose  into  the  blood  to  the  extent 
of  1850  grains  per  day  (4  oz.,  or  120  gm.),  wMch  is  burned  in  the  economy.    Any. 
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dung  which  prevents  this  oxidation  may  cause  it  to  appear  in  the  urine.  An  un- 
usually light-colored  or  greenish-yellow  colored  urine,  passed  in  large  quantity,  and 
o!  high  sp.  gr.,  should  always  excite  suspicion  and  lead  to  a  test  for  sugar.  A  urine 
of  high  sp.  gr.  with  decreased  quantity  is  frequently  met  with,  which  usually  con- 
tains an  excess  of  mucus,  urates,  and  coloring  matter,  but  no  sugar.  Such  urines 
will  often  reduce  alkaline  copper  solutions  and  the  alkaline  bismuth  solution,  but, 
if  subjected  to  the  preliminary  treatment  with  CUSO4  or  with  FhiCJdfi^^  men- 
tioned under  test  No.  i,  no  sugar  will  be  found* 

Olycuronic  add,  CAoOi*  or  CHO(CH .  OH)XO.OH,  is  a  derivative  of  ghi- 
cose  found  in  the  urine  in  combination  with  certain  alcohols  and  phenols.  It  may  be 
increased  by  the  administration  of  certain  remedial  agents,  sucn  as  chbral,  chloro- 
form, phenol,  cresol,  thymol,  guaiacol,  hydrochinon,  resordn,  ordn,  tuipentine, 
camphor,  acetanilid,  kairin,  morphine,  and  from  the  excessive  production  of  certain 
aromatic  substances,  as  indol,  phenol,  etc.  The  acid  occurs  seldom  or  only  in  traces 
in  the  free  state,  but  as  p;luco8iaes  of  the  aromatic  nuclei  derived  from  the  above  aro- 
matic bodies.  By  heating  the  urine  with  dilute  acids  these  glucosids  are  decomposed 
and  the  free  acid  is  form^.  The  chief  interest  of  glycuronates  is  their  property  of  re- 
ducing alkaline  copper,  indigo,  and  bismuth  solutions  in  testing  for  sugar.  They  give 
a  potttive  reaction,  like  the  pentoses,  with  HCl  and  phk>Toglucin,  give  the  furfurol 
reaction,  and  give  crystalline  compounds  with  phenyl-hydrazin,  but  do  not  undergo 
fermentation  with  yeast  They  are  prtially  predpitoted  by  lead  acetate,  and  by 
heating  with  CuSO.  or  Cu(CLH,0^,  in  faintly  acid  solutions. 

Beta-hydrozylmtyric  Add,  Jbiacatic  Add,  and  Acatone.—These  related 
substances  are  sometimes  found  in  urine.  Acetone  is  found  in  normal  urine  in 
traces,  and  is  most  abundant  when  little  or  no  carbohydrates  are  taken,  and  during 
starvation.  Acetone  is  therefore  believed  to  be  derived  from  the  proteids  of  the 
tissues  and  food. 

In  diseased  conditions,  acetonuria  is  most  abundant  in  the  specific  feven,  as 
typhoid,  pneumonia,  scarkitina,  measles,  acute  miliary  tuberculosis,  acute  articular 
rneumatism,  diabetes  mellitus,  septicemia,  carcinoma  of  the  stomach,  and  in  paresis. 
It  is  found  after  chloroform  narcosis,  and  often  in  the  intoxications  of  intestinal 
origin. 

Diacetto  add,  or  aceto-acatic  add.  in  the  urine  is  to  be  regarded  as  patho- 
togicdl.  It  is  found  in  most  diseases  in  which  acetone  is  present,  and  has  the  same 
sigmficance.  It  is  met  with  in  various  digestive  and  nutritive  disorders,  the  gastro- 
intestinal fevers  of  children,  and  is  of  especial  significance  in  diabetes. 

Bata-hydrozytmtjric  add  is  met  with  in  diabetic  urines  and  especially  in  the 
severe  cases.  It  occurs  in  combination  chiefly  with  ammonia.  This  add  b 
regardisd  as  an  antecedent  of  diacetic  add  and  acetone,  and  when  it  is  present 
in  the  urine  it  is  usually  associated  with  these  substences. 

The  lelatioQ  of  these  substances  is  seen  by  comparing  their  graphic  formube: 
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H— COH 
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H— C— H 
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C)=C— 0— H 

B|dR»]rbiityric  Add.       DiMetic  Add.       Acetooe. 

Hydrotybutyric  add,  by  oxidation  outside  of  the  body,  yields  diacetic  add. 
Diacet^  add  readily  breaks  up  into  acetone  and  a  carbonate,  in  alkaline  solutions, 
and  it  is  Vlieved  that  these  changes  take  place  in  the  body. 

In  Vi^t  of  the  specific  fevers,  and  especially  in  certain  digestive  diseases,  and  in 
42 
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diabetes  mellitus,  there  is  a  condition  of  decreased  alkalescence  of  the  blood,  known 
as  acid  intoxication.  The  chief  acid  causing  this  condition  is  hydroxy  butyric  add*  and 
to  this  add  intoxication  the  production  of  diabetic  coma  is  quite  generally  attributed. 
The  significance  of  these  compounds  in  the  urine  of  diabetics  is  therefore  apparent. 
An  increase  in  the  amount  of  acetone,  diacetic  add,  or  hydroxybutyric  aad  in  the 
urine  of  diabetics,  is  usually  indicative  of  an  unfavorable  prognosis  and  the  approach 
of  coma.  When  the  test  shows  this,  carbohydrates  should  be  given,  as  this  may 
cause  them  to  disappear.  The  giving  of  alkalies  may  also  reduce  them  and  pre- 
vent a  fatal  coma.  An  estimation  of  these  organic  adds,  in  a  case  of  diabetn,  is 
therefore  of  more  importance  in  indicating  the  prognosis  than  the  estimation  of 
the  sugar. 

The  Detection  of  Acetone* — Legal't  Test* — Four  or  five  c.c.  of  the  urine  are 
treated  with  a  few  drops  of  a  freshly  made  solution  of  sodium  nitroprusside,  and 
then  with  a  strong  solution  of  NH4OH.  The  red  color  produced,  which  appears  in 
from  five  to  ten  minutes  if  acetone  be  present,  gives  pkice  to  a  purple  or  violet  color 
on  the  addition  of  acetic  add.  For  a  more  accurate  test  it  is  necessary  to  distill  the 
urine  and  applv  this  test  to  the  distillate. 

DennigM't  Test. — Reagent. — ^Twenty  gm.  H^SO.  is  poured  into  100  c.c.  of 
distilled  water,  and  5  gm.  of  freshly  prepared  yellow  oxide  of  mercury  added.  After 
standing  twenty-four  hours  it  is  ready  for  \ise.  To  about  5  c.c.  of  urine  add  the 
reagent,  drop  by  drop,  until  a  permanent  predpitate  remains  after  agitation,  and 
then  add  a  few  more  drops.  Filter,  and  add  to  tne  clear  filtrate  3  c.c.  of  the  reagent 
and  4  or  5  c.c.  of  the  thirty  per  cent,  solution  of  H^O^  and  boil  for  a  minute,  or, 
better,  set  in  a  beaker  of  boiling  water.  In  presence  of  acetone  or  diacetic  acid  in 
appreciable  amounts  a  heavy,  white  predpitate  immediately  forms.  If  but  traces 
are  present,  a  slight  cloudiness  devdops  on  standing  a  few  minutes.  When 
albumin  is  present,  a  larger  amount  of  the  reagent  must  be  added  before  boiling. 
This  test  is  delicate  and  does  not  require  distillation  of  the  urine. 

Diacetic  acid  usually  occurs  together  with  acetone,  and  in  the  presence  of  ferric 
chloride  produces  a  wine-red  color,  which  is  not  entirely  characteristic,  because 
other  substances  produce  the  same  color.  The  following  process  will  serve  for  its 
detection:  A  fairly  strong  solution  of  ferric  chloride  is  cautiously  added  to  the  urine» 
and,  if  a  phosphate  predpitates,  this  is  removed  by  filtration,  and  more  Fe,Cl«  added 
to  the  filtrate.  If  a  red  color  appears,  the  filtrate  is  divided  into  two  portions.  One 
portion  is  boiled,  while  the  other  is  treated  with  H^O^,  and  extracted  by  shaking  with 
ether.  Urine  that  has  been  boiled  does  not  ^ve  the  red  color  with  Fe^Clft,  or  it  loses 
its  red  color,  this  bdne  destroyed  by  boiling.  This  serves  to  distinguish  this 
add  from  phenol,  salicylic  add,  etc.,  which  ^ve  similar  colors  with  ferric  chloride. 
After  treatment  with  H9SO4  and  taking  with  ether,  the  aceto-acetic  add  will  be 
found  in  the  ether.  The  ether  may  now  be  evaporated,  and  the  residue  treated  wi& 
Fe^Cl^  solution,  when  the  violet-ied  color  will  be  obtained  if  it  be  present.  The 
unne  for  this  test  must  be  fresh,  as  diacetic  add  is  rapidly  converted  into  acetone  on 
standing.    Acetone  is  an  oxidation  product  of  diacetic  add. 

Hydrozybutyzic  add  is  found  in  the  blood  of  diabetic  patients,  and  it  has  been 
found  in  the  urine  in  scarlatina,  measles,  in  scorbutus,  and  in  starvation.  It  gives 
the  same  color-reaction  with  Fe^Cl^  as  diacetic  add.  It  is  best  to  separate  it  nom 
the  urine  with  ether,  as  above  described  for  diacetic  add,  before  applying  the  test. 
Hydroxybutyric  add  may  be  detected  by  evaporating  a  portion  of  the  urine  on  a 
water-bath  to  a  syrupy  consistency,  and  distilling  with  an  ec^ual  volume  of  concen- 
trated H^04.  The  add  is  thus  changed  into  fupha-crotomc  add,  in^iich  diatilb 
over. 

CHjCH .  OHCii,— CO.OH  —  H,0  -  CH .  CH .  CH,CO .  OH. 
Hrkoxybntjfric  acid.  Croumic  add. 
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By  cooUng  the  distillate,  the  crotonic  add  crystallizes,  when  it  may  be  filtered 
out. 

Or  the  distillate  may  be  shaken  with  ether,  and  the  add  be  obtained  on  evaporat- 
ing  the  ether. 

An  approximate  estimation  of  the  hydrozybutyric  add,  or  of  the  amount  of  acid 
intoxicatum,  may  be  made  by  an  estimation  of  the  ammonia  in  the  freshly  voided  urine* 
Free  add  can  not  exist  in  the  blood;  bases  must  be  found  to  saturate  the  adds,  and 
in  add  intoxication,  the  blood  being  unable  to  spare  the  fixed  alkalies,  ammonia, 
which  is  always  a  product  of  retrograde  tissue  metabolism,  is  used  to  saturate  the 
adds.  The  adds  are  eliminated  therefore  as  ammoniimi  salts.  The  estimation  of 
ammonia  thus  becomes  important.  ' 

Estimatioii  of  Ammonia. — ^To  25  c.c.  of  the  fresh  urine,  in  an  evaporating, 
dish  or  other  shallow  vessel,  add  10  c.c.  of  milk  of  lime.  Upon  this  vessel,  sup- 
poorted  by  a  triangle  made  of  glass  tubing  or  rod,  place  a  smaller  vessel,  contain- 
ing exactly  20  c.c.  of  -^N  H,S04.  Place  the  dish  upon  a  ground-glass  plate,  and 
cover  with  a  tightly  fitting  bell  jar,  and  let  set  three  to  four  days,  when  the  ammonia 
will  have  been  absorbed  by  the  add.  The  add  is  then  colored  with  methyl-orange 
or  cochineal  and  the  free  add  titrated  with  a  — NaOH. 

"  N 

The  30  C.C.  of  the  original  add  would  have  required  50  c.c.  of  -^NaOH.    Each 

C.C.  of  the  NaOH  solution  less  than  50,  required  after  the  absorption  of  the  NH„ 
represents  0.0017  gm.  of  NH^  It  has  been  estimated  that  a  daily  output  of  a 
gm.  of  NH,  corresponds  to  about  6  gm.  of  the  organic  acid,  5  gm.  of  NH,  to  about 
20  gm.  and  8  gm.  of  NI^  to  about  ^5  to  40  gm.  More  than  5  gm.  of  NH,  occurring 
in  me  daily  urine  of  a  diabetic  indicates  danger  of  the  approach  of  coma. 

Lipaaduria  is  a  term  which  has  been  applied  to  the  condition  in  which  vokitile 
fatty  adds  are  found  in  the  urine.  These  occur  normally  in  traces,  especially 
formic,  acetic,  and  butyric  adds.  As  a  symptom  of  disease,  however,  they  are  of  no 
significance.  Formic,  acetic,  propionic,  and  butyric  adds  have  occasionally  been 
detected  in  the  urine  of  fevers,  in  certain  diseases  of  the  liver,  and  in  diabetes.  For 
their  detection  the  urine  is  distilled  with  phosphoric  add,  and  the  test  applied  to  the 
distillate.  For  simpler  tests  we  may  apply  tne  following:  Acetic  add  may  be  de- 
tected by  the  odor  of  acetic  ether  when  the  distillate  is  warmed  with  alcohol  and 
sulphuric  add.  Ferric  chloride  gives  a  red  tint,  which  disappears  on  boiling  if 
acetic  add  is  present.  Formic  add  gives  a  white  predpitate  with  silver  nitrate, 
which  blackens  on  warming. 

Chyluria. — Chyle  occasionally  occurs  in  the  urine,  and  gives  to  it  a 
more  or  less  milk-like  turbidity.  On  shaking  the  solution  with  ether, 
separating  and  evaporating  the  ether,  fat  remains  behind.  In  chyluria 
the  opacity  is  due  both  to  the  fat  and  to  albuminous  substances  in  im- 
perfect solution.  In  some  cases  the  appearance  of  this  turbidity  is 
intermittent,  appearing  only  at  certain  times  of  the  day;  in  others  it  is 
constant.  In  some  cases  chylous  urine  deposits  a  spontaneous  clot  of 
fibrin,  while  in  others  it  does  not.  The  fat  may  be  separated  by  ex- 
traction with  ether,  but  the  turbidity  still  remains.  In  some  rare  cases, 
however,  the  turbidity  disappears  with  the  extraction  of  the  fat. 

Detection. — Its  detection  is  usually  suflSdently  easy  from  the 
milky-white  color,  and  the  separation  of  the  fat  on  standing.    Micro- 
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scopically,  the  fat  globules  can  be  detected  in  some  cases,  but  in  otfaen 
the  microscope  fails  to  reveal  them.  The  author  has  seen  a  case  where 
they  were  not  visible  with  a  iV"^^  objective. 

Bile. — Urine  containing  bile  has  an  abnormal  color — either  a 
brilliant  yellow,  a  greenish-yellow,  or  brown.  When  much  bile  is 
present,  the  froth  or  foam  produced  on  shaking  the  urine,  is  quite  per- 
manent, and  is  more  or  less  colored.  A  piece  of  filter-paper  or  Ihien 
moistened  with  such  urine  retains  the  yellow  color  on  drying. 

OmeUn't  Test. — Upon  i  or  a  c.c.  of  a  partially  decompoeed  yellow  nitric  add, 
in  a  test-tube,  carefully  float  4  or  5  c.c.  of  the  suspected  urine.  If  bilenioloring 
matters  be  present,  a  succession  of  colors  will  appear  in  the  urine,  beginning  with 
green,  then  passing  through  blue,  violet,  red,  and  yellow,  the  green  appearing  at  the 
top  and  the  others  below,  in  the  order  named.  The  green  color  is  always  present 
when  bile  is  present,  but  the  reddish-violet  color  must  not  be  taken  for  evidence  of 
bile,  as  the  normal  coloring  matters  of  the  mine  may  produce  such  a  coloration. 

The  Author's  Test.— To  5  c.c.  of  urine  add  about  half  its  vohune  of  strong  HCI 
and  a  few  drops  of  Fe^Cl,  solution  and  mix  well  by  agitation.  In  the  presence  of 
bile  pigments  the  mixture  assumes  an  emerald  green  color.  It  is  necessary  to 
remember  that  indoxyl  gives  a  bhie  color  under  these  conditions,  which  is  easify 
dissolvcxl  and  separated  with  chloroform,  which  does  not  dissolve  the  green  sub- 
stance. 

Tincture  of  Iodine  Test. — Upon  the  surface  of  the  urine  in  a  test-tube,  float  a 
few  drops  of  tincture  of  iodine.  At  the  line  of  contact  of  the  two  fluids  there  appeaz3» 
after  a  few  minutes,  a  beautiful  emerald-green  zone  when  biliary  coloring  matters 
are  present.    This  test  seems  to  be  delicate  and  reliable.* 

Biliary  Acids. — While  the  acids  usually  occur  in  the  urine  of 
jaundiced  patients,  along  with  the  coloring  matters,  their  detection  is 
not  so  easy.  We  may  use  the  following  test:  Evaporate  the  liquid  to 
dryness,  and  treat  the  residue,  consisting  of  biliary  salts,  with  alcohol, 
and  filter.  After  evaporating  the  alcohol,  apply  Pettenkofer's  test 
(see  p.  407)  to  a  solution  of  the  residue  in  water. 

Ehrlich's  Diazo-reaction.— This  reaction  is  one  that  is  obtained 
in  the  urine  of  persons  suffering  from  certain  specific  fevers,  eq)ecialfy 
typhoid  fever,  measles,  septicemia,  and  in  some  cases  of  phthisis.  The 
reagent  is  made  as  follows:  One  gm.  of  sulphanilic  acid  (amido-sulpho- 
benzene)  is.dissolved  in  a  mixture  of  350  c.c.  of  water  and  15  cc  of  hydit)- 
chloric  acid.  A  second  solution  is  made  by  dissolving  0.5  gm.  of  sodium 
nitrite  in  100  c.c.  of  water.  Five  c.c.  of  urine  is  mixed  with  an  equal 
volume  of  sulphanilic  acid  solution,  and  then  with  3  or  4  drops  of  the 
sodium  nitrite  solution,  and,  finally,  i  or  2  c.c.  of  ammonia  water. 
Normal  urine  shows  with  this  test  a  yellow  or  orange  color,  and  a  pre- 
cipitation of  phosphates.    In  certain  of  the  above-named  diseases, 

*  Jolles  jsays  that  antipyrin  in  urine  gives  a  similar  green  .ccJoc. 
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especially  in  typhoid,  the  urine  gradually  assumes  a  carmine-red  to  a 
garnet  color.  The  ^oth  produced  on  agitation  is  also  distinctly  red, 
and  the  precipitated  phosphates  show  a  green  or  violet  color.  Many 
phenol  derivatives  give  a  similar  color-reaction  with  the  above  test,  and 
may  lead  to  erroneous  conclusions.  According  to  Ehrlich,  this  reaction 
is  characteristic  of  the  urine  in  typhoid,  measles,  and  acute  tuberculosis. 
Others  deny  the  value  of  the  test,  the  difference  being  possibly  due  to 
the  interference  of  phenol  derivatives.  It  can  usually  be  obtained  in 
the  urine  of  typhoid  fever  on  the  fifth  or  sixth  day.  When  it  is  present 
in  tuberculosis  of  the  lungs,  the  disease  is  usually  rapidly  fatal. 

Ferment!  Fotmd  in  the  Urine.— Pepsin,  trypsin,  and  a  diastasic  ferment  have 
been  found  in  the  urine,  in  addition  to  the  organized  ferments  of  lactic,  but3rric,  and 
acetic  adds,  and  urea.  The  pepsin  ferment  of  the  urine  is  said  to  be  absent  in  the 
urine  of  typhoid  fever,  carcmoma  of  the  stomach,  and,  according  to  some,  in 
nephritis. 

Detection.— Pepsin  is  best  detected  by  Sahli's  method.  A  little  pure  fibrin  is 
placed  in  the  uiine  and  set  aside  for  several  hours.  It  is  then  removed,  placed  in 
diluted  HCl  (0.3  per  cent.),  and  the  mixture  kept  at  a  temperature  of  from  ^o^  to  40^ 
C.  (86®  to  104**  F.).  Any  pepsin  present  in  the  urine  is  ^en  up  by  the  fibrin,  and 
the  latter  is  slowly  digested  in  the  add  fluid. 

The  diastasic  ferment  is  detected  in  the  usual  manner,  by  its  effect  upon  starch- 
mudlage.  The  milk-curdling  ferment  has  occasionally  been  found  in  the  urine. 
(See  also  p.  541.) 

Ptonudnes,  or  diamint,  have  been  found  in  healthy  urines  as  well  as  in  morbid 
urines.  In  most  fevers,  espedally  in  the  specific  and  contagious  fevers,  the  urine 
contains  certain  poisonous  alkaloids.  These  can  be  detected  by  first  addifying  the 
urine  and  filtering  from  any  mucus  present,  and  then  precipitating  with  the  double 
iodide  of  potassitun  and  mercurv.  The  predpitate,  which  contains  these  bases,  is 
distinguished  from  albumin  or  otner  substances  by  its  solubility  in  alcohol  at  a  gentle 
heat. 

The  diamini  of  the  urine  may  be  predpitated  as  benzoyl  compounds,  by  benzoyl 
chloride  and  caustic  potash.  By  this  means  cadaverin,  putresdn,  and  other  dikmlns 
have  been  detected  m  the  urine  of  vesical  catarrh.  Normal  urine  is  said  to  be  free 
fix>m  these  bodies. 

Pigments  and  Chromogens. — Eleven  varieties  of  coloring  matters 
have  been  mentioned  by  various  chemists  as  occurring  in  human  urine 
— ^viz.:  Urobilin,  urochrome,  urospectrin,  uroerythrin,  indirubin, 
indican,  uromelanin,  urorosein,  urian,  omicholin,  and  omicholic  acid. 
The  following  six  chromogens  have  been  described:  Reduced  urobilin, 
urochromogen,  uroroseinogen,  indicanogen,  indirubinogen,  and  uro- 
cyanin. 

It  is  believed  by  Gautrelet,  as  a  result  of  a  recent  exhaustive  ex- 
amination, that  normal  urine  contains  but  two  primary  pigments  and 
that  the  others  are  derivatives  of  these  two.  These  are  urobilin  and 
uroerjfthrin.    He  admits  one  transitory  pigment,  urochrome,  and  four 
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chromogens  or  bodies  which  can  easily  be  converted  into  pigments. 
These  are  urobilinogen,  urochrom-erythro-roseinogen,  indigogen,  and 
indirubinogen.    The  whole  subject  is  complicated  and  imsettled. 

XJrobilhii  or  urochromei  is  the  pigment  to  which  urine  owes  its  am- 
ber color.  It  is  probably  derived  from  bilirubin,  which  is  a  derivative  of 
hemoglobin.  It  is  increased  in  all  diseases  where  there  is  an  increased 
destruction  of  red  blood-corpuscles,  and  during  the  resorption  of  large 
blood-clots.  It  is  diminished  in  some  forms  of  anemia,  chronic  paren- 
chymatous nephritis,  diabetes,  certain  nervous  diseases,  and  diseases  of 
the  bone-marrow.  Like  pathological  urobilin,  it  gives  a  green  fluores- 
cence on  the  addition  of  ammonium  hydroxide  and  a  few  drops  of  a  strong 
solution  of  zinc  chloride. 

XJroerythrin  is  the  pigment  which  gives  the  red  color  to  uric  acid 
and  uratic  deposits  in  the  urine.  It  is  increased  in  acute  febrile  diseases, 
such  as  pneumonia,  influenza,  typhoid  fever,  malaria;  acute  diseases 
o{  the  liver  in  which  the  function  of  the  hepatic  cells  is  interfered  with; 
acute  articular  rheimiatism,  and  in  chronic  diseases  of  the  heart  and 
lungs.  When  increased  in  amount  it  is  usually  accompanied  by  urobilin. 
When  increased,  the  urate  deposits  are  highly  colored.  It  is  precq)i- 
tated  by  acetate  of  lead  and  barium  chloride  solutions,  coloring  the 
precipitates  caused  by  these  reagents.  From  the  depth  of  color  its 
amount  may  be  approximated. 

Pathological  Pigments. — Hemoglobin  has  already  been  spoken 
of.  Hematin  is  only  rarely  seen.  It  is  best  detected  by  making  the 
urine  strongly  alkaline  with  NH4OH,  filtering  and  examining  the  filtrate 
with  the  spectroscope,  when  the  appearance  seen  in  No.  12  (Frontis- 
piece) will  be  seen.  The  reduced  hematin  may  also  be  examined  (see 
No.  13). 

Hematoporphyrin,  Cx^H^^Nfi^  is  a  pigment  occasionally  found  in  the  urine  of 
cases  of  rheumatism,  Addi»on's  disease,  pericarditis,  hepatic  cirrhosis,  and  croupous 
pneumonia.  It  is  more  frequently  seen  in  the  urine  of  persons  taking  sulphonal, 
trional,  or  tetronal  for  some  time;  also  in  intestinal  hemorrhage  and  lead  poison- 
ing. When  present  in  considerable  amount  the  urine  has  a  reddish  or  port-wine 
color.  It  is  best  identified  with  the  sp)ectroscope.  The  urine  is  precipitated  with 
BaCl,  the  precipitate  filtered  out,  washed  with  water,  then  with  absolute  alcohol, 
and  rubbed  up  in  a  mortar  with  ordinary  alcohol,  acidulated  with  HCl,  and  again 
filtered.  The  solution  will  have  a  red  color  if  hematoporphyrin  is  present,  which 
gives  with  the  spectroscope  four  absorption  bands — two  broad  and  dark  and  two 
narrow  and  light. 

Pathological  Urobilin. — This  pigment  is  often  spoken  of  as  febrile  urobilin, 
from  its  frequent  occurrence  in  febrile  urines.  It  is  said  to  be  identical  with  ster- 
cobilin  of  the  feces.  It  occurs  in  certain  hepatic  diseases,  hepatic  cirrhosis,  chronic 
malaria,  pernicious  anemia,  carcinoma,  scorbutus,  Addison's  disease,  extra-uterine 
pregnancy,  after  cerebral  hemorrhages,  hemophilia,  and  in  most  infectious  fevers, 
such  as  measles,  scarlatina,  typhoid  fever,  etc.    Urines  which  are  ikh  in  urobiiin 
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usually  have  a  dark-yellow  color,  resembling  biliazy  urine.    The  foam  of  such  urine 
is  also  colored. 

Detection. — Urobilin  is  best  detected  by  the  spectroscope,  i.  Acidulate  10  to 
20  c.c.  of  the  suspected  urine  with  a  few  drops  of  UCl,  and  then  shake  with  6  to  10 
c.c.  of  amyl-alcohol.  Allow  the  alcohol  to  separate  and  eiramine  the  clear  alcoholic 
layer  with  the  spectroscope,  a.  To  a  portion  of  the  amyl-alcohol  solution  drawn  off 
with  a  pipette  add  a  few  drops  of  a  one  per  cent  solution  of  zinc  chloride  in  alcohol, 
which  has  been  made  strongly  alkaline  with  NH^OH.  A  beautiful  green  fluores- 
cence appears  if  urobilin  is  present,  and  the  solution  gives  the  spectrum  of  alkaline 
urobilin. 

The  Chief  Chromogens  found  in  normal  urine  are  urohenuUin,  uro- 
roseinogen^  indoxyl,  and  skatoxyl. 

Urohematin  is  a  chromogen  which  vields  a  red  color  on  treatment  with  strong 
HCl.    It  has  the  same  sigxiiflcance  as  indozyL 

Uroroseinogen. — lliis  is  another  chromogen  which  yields  a  rose-red  color 
when  treated  with  mineral  acids.  The  rose-red  or  deep-red  ring  often  seen  at  the 
contact  zone  in  applying  Heller's  nitric  acid  test  for  albumin,  is  due  to  the  presence 
of  this  chromogen  (Rosenbach's  reaction).  The  coloring  matter  is  removed  by 
shaking  with  amyl-alcohol. 

IndozyL — This  chromogen  is  found  in  traces  in  normal  urine.  It 
is  pathological  only  when  in  increased  amount.  Its  origin  is  the  indol, 
C9H7N,  produced  in  the  intestinal  canal  during  the  digestion  of  proteids. 
This  is  absorbed,  oxidized  to  indoxyl  in  passing  through  the  blood, 
CgH^NO,  and  then  combines  with  H^04  or  glycuronic  acid,  and  is 
eliminated  in  the  urine  as  sodium  or  potassium  indozyl-sulphate  or 
potassium  indozyl-glycuromtte  sometimes  called  indican. 

C^NO-HH^O,.C.H^O^SO^     +      H,0. 
Indoxyl.  Indoizyl-sulphtiric  Add. 

Indozyl-sulphuric        PoUadum  Indican.  Add  Sodium 

Add.  Phosphate.  Phosphate. 

When  indican  is  treated  with  strong  HCl,  it  is  decomposed  into  in- 
doxyl and  either  glycuronic  or  sulphuric  acid  and  sodium  or  potassium 
chloride.  If  now  an  oxidizing  agent  be  added  to  the  solution,  such  as 
nitric  acid,  the  hypochlorites,  the  nitrites,  or  ferric  chloride,  the  indoxyl 
is  converted  into  indigo-blue. 

aQHyNO  -h  O,  -  C,eH«^,0,  -I-  2H,0. 

Indigo-blue  is  sometimes  formed  spontaneously,  either  before  or 
after  voiding  the  lurine,  and  may  appear  as  a  sediment. 

Detection. — To  10  c.c.  of  the  urine  add  an  equal  volume  of  con- 
centrated HCl,  containing  0.5  per  cent,  of  FejCl^.  Or,  after  adding 
pure  HCl,  we  may  add  about  three  drops  of  the  ordinary  FejCle  solu- 
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tion.  On  standing  a  few  minutes,  a  dark  cloud  will  be  seen  near  the 
top  of  the  mixture.  On  mixing  the  solutions,  and  shaking  with  about  2 
cc  of  chloroform,  the  indigo  is  dissolved  by  the  chloroform,  and 
separates  as  a  blue  liquid  at  the  bottom  of  the  tube.  From  the  depth 
of  the  blue  color,  we  may  judge  of  the  amount  of  indican  present. 

Jaff^  uses  two  drops  of  a  weak  solution  of  sodium  or  calcium  hypo- 
chlorite in  place  of  the  FcjCl^.  When  the  hypochlorites  are  used,  great 
care  must  be  taken  not  to  add  enough  to  bleadi  the  indigo-blue.  When 
this  precaution  is  used,  the  reaction  is  more  marked  than  with  Fe^Cl^. 
When  the  urine  is  dark  in  color,  and  when  it  contains  bile,  it  may  be 
partially  decolorized  by  adding  a  small  quantity  of  lead  subacetate 
solution,  taking  care  not  to  add  an  excess.  The  precq>itate  is  filtered 
out  and  the  test  applied  to  the  filtrate.  Some  indigo-red  is  usually 
formed  at  the  same  time  as  the  indigo-blue. 

This  red  coloring  matter  b  not  soluble  in  chloroform,  but  is  soluble 
in  ether. 

Skatozyl. — In  putrid  decomposition  of  proteid  matters  in  the 
intestines,  b6th  indol  and  skatol  are  produced.  They  are  both  oxi- 
dized and  appear  together  in  the  urine. 

C,]^~CH,  +  O  -  Cg^OCH. 

The  skatoxyl  combines  with  H3SO4  to  form  skatoxyl-sulphuric  acid, 

C^^O— CH, 
HO>SO, 

When  luine  contains  a  large  amount  of  skatoxyl,  the  luine  grows 
darker  on  standing  exposed  to  the  air,  beginning  at  the  surface  and 
gradually  passing  downward.  The  color  is  not  a  brown  red,  but  a  red- 
dish violet.  This  change  takes  place  more  rapidly  when  strong  HCl 
is  added,  and  immediately  when  nitric  acid  is  added.  The  addition  of 
oxidizing  agents  is  not  needed  to  develop  the  red  color,  as  in  the  case 
of  indoxyl.  This  red  pigment  is  insoluble  in  chloroform  or  ether,  but 
may  be  easily  separated  with  amyl-alcohoL 


Clinical  Significance.— The  significance  of  indoxyl  and  of  skatoxyl  is  the  t 
As  thev  are  produced  by  secondary  fermentations  of  the  proteid  contents  of  the  intes- 
tine, chiefly  the  colon,  the  amount  of  the  pigments  found  in  a  given  urine  may  be 
taken  as  a  measure  of  the  bacterial  putrefaction  of  proteids  in  the  intestinal  canaL 
When  the  peristaltic  movement  of  the  small  intestine  is  diminished,  as  from 
fright,  excessive  brain  work  or  worry,  neurasthenia,  ileus,  and  peritonitis  we  may 
expect  to  find  an  increased  output  of  indican. 

In  simple  constipation,  which  is  usually  due  to  a  storage  of  the  contents  in  the 
large  intestine,  where  the  liquid  portion  is  soon  absorbed,  thus  checking  putrefac- 
tive changes,  indicanuria  is  usually  absent.  In  deficient  secretion  of  HCl  in  the 
stomach,  as  in  gastritis  and  gastric  catarrh,  carcinoma*  involving  a  large  area  of  the 
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8tODu«  ft,  gastric  atony,  and  at  the  height  of  most  acute  fevers,  we  may  expect  an  in- 
creaa*.  of  wdkan. 

Incican  is  also  found  in  the  urine  of  persons  suffering  with  empyema,  putrid 
bronchitis,  gan^ne  of  the  lung,  or  in  other  suppurative  conditions,  where  pus  is 
undergoing  putrid  decomposition.  When  such  decomposition  of  proteid  matters  in 
other  orpms  can  be  eliminated,  an  excess  of  indican  means  intestinal  proteid  de- 
composition. It  must  be  remembered,  however,  that  a  diet  very  rich  in  the  so-called 
*'  red  meats  *'  will  favor  the  production  of  indol  in  the  intestine  and  indicanuria. 

MeUnogen  and  Melanin. — Some  urines  on  standing  turn  dark  brown  in 
color.  Such  urines  usually  contain  melanogen,  which  on  exposure  to  air  oxidizes 
to  melanin.  This  chromogen  is  usually  associated  with  the  ejdstence  of  melanotic 
tumors.  Melanogen  may  be  detected  by  treatment  with  bromine  water,  with  which 
it  forms  a  precipitate,  which  is  yellow  at  first,  but  gradually  turns  black. 

Renal  Insufficiency.— By  this  term  is  meant  the  inability  of  the 
kidney  to  eliminate  sufficient  urinary  constituents  to  prevent  them 
from  accumulating  in  the  blood  and  poisoning  the  individuaL  Renal 
insufficiency  leads  to  uremiai  or  a  series  of  symptoms  due  to  reten- 
tion in  the  blood  of  urinary  poisons.  Renal  insufficienqr  is  usually 
the  result  of  organic  or  circulatory  disease  of  one  or  both  kidneys, 
and  b  usually  accompanied  by  albuminuria.  The  determination  of 
the  secreting  power  of  the  kidneys  is  therefore  one  of  the  most  important 
objects  of  urinary  examination.  The  secreting  power  of  the  kidneys 
is  also  termed  renal  permeability. 

Upon  the  permeability  of  the  kidne3rs  depends  the  safety  of  an 
individual  in  diseased  conditions  of  these  organs,  and  its  determma- 
tion  is  a  matter  of  the  utmost  importance.  Various  methods  have 
been  devised  of  studying  the  permeability,  secreting  power,  or  suffi- 
ciency of  the  kidneys.  Of  these  methods,  the  most  important  are  the 
determination  of: 

I.  The  specific  gravity  of  the  urine  and  the  total  solid  matter  ex- 
creted in  twenty-four  hours. 

3.  The  total  daily  excretion  of  urea  and  of  the  total  nitrogen. 

3.  The  freezing  point  of  the  urine,  or  of  the  blood. 

4.  Catheterization  of  the  ureters  and  applying  the  above  tests  to 
the  iirine  secreted  by  each  kidney  separately. 

The  first  two  of  these  meUiods  have  already  received  sufficient 
notice. 

The  third  mentioned  method  has  been  receiving  considerable  at- 
tention in  recent  years,  and  is  an  important  aid  in  determinmg  the 
secreting  power  of  the  kidneys.  The  freezing  point  of  normal  urine 
varies  between  wide  limits,  but  it  is  usually  between  — 1.3®  C.  and 
—2.2®  C.  These  extremes  are  seldom  met  with  in  health.  In  renal 
insufficiency  the  freezing  point  is  often  as  high  as  — 0.5®  C,  and  in 
cardiac  insufficienqr  it  may  be  as  high  as  2.5®  C.    Since  the  freezing 
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point  of  a  solution  of  a  substance  in  a  liquid  with  which  it  forms  no 
chemical  union  is  lowered  in  direct  proportion  to  its  molecular  concen- 
tration, the  freezing  point  of  the  urine  is  a  measure  of  the  number  of 
molecules  the  kidneys  are  able  to  secrete  in  a  given  time — i.  e.y  it  is  a 
measure  of  the  permeability  of  the  kidneys.  A  part  of  the  urinary 
molecules  are  inorganic  salts  (chiefly  NaCl),  and  a  part  are  organic 
molecules. 

The  NaCl  is  filtered  through  the  glomerular  capillaries  in  solu- 
tion, and  the  organic  molecules  are  separated  from  the  blood  by  the 
epithelial  cells  of  the  tubules  or  are  elaborated  by  them.  By  an  esti- 
mation of  the  NaCl  present  in  a  given  urine,  which  is  easily  done, 
we  can  calculate  the  lowering  of  the  freezing  point  due  to  this  salt 
One  per  cent,  of  NaCl  in  an  aqueous  solution  lowers  the  freezing  point 
0.605*^  C.  below  the  freezmg  point  of  distilled  water.  By  multiplymg 
the  percentage  of  NaCl  found  by  this  number  we  obtain  the  depression 
due  to  NaCl.  By  deducting  this  from  the  total  observed  depression, 
the  difference  is  the  depression  due  to  the  organic  molecules,  which  repre- 
sents the  work  of  the  tubular  renal  ceUs,  while  the  NaCl  rq)resents  the 
permeability  of  the  glomeruli.  It  is  possible  by  this  method  to  study 
the  relative  permeability  of  the  two  portions  of  the  kidney  structure. 

The  determination  of  the  freezing  point  of  solutions  is  cdled  cryos- 
copy.  The  cryoscopic  examination  of  urine  is  of  great  service  in  con- 
nection with  catheterization  of  the  ureters,  to  determine  the  permeability 
of  a  healthy  kidney  when  it  b  proposed  to  remove  a  diseased  one.  The 
urine  of  a  diseased  kidney  has  a  comparatively  high  freezing  point, 
and  that  from  a  healthy  kidney  a  lower  freezing  point. 

The  freezmg  point  of  the  blood  in  renal  diseases  is  usually  lower 
than  normal,  because  of  the  retention  m  the  blood  of  the  metabolic 
products  of  the  body,  when  the  kidneys  are  imable  to  excrete  them. 
The  freezing  point  of  normal  blood-serum  is  quite  constant  at  — 0.56** 
C.  It  is  lowered  in  nephritis,  hydronephrosis,  and  pyonephrosis.  In 
nephritis  involving  one  kidney  it  may  reach  — 0.58®  C.,  and  when  both 
kidneys  are  involved  it  may  reach  — 0.61®  C.  or  lower.  For  a  fuller 
description  of  the  cryoscopy  of  the  urine  the  student  is  referred  to 
"  Clinical  Chemistry,"  page  103. 

URINARY  DEPOSITS  OR  SEDIMENTS. 

Normal  Urine  is  clear,  but  on  standing  it  will  usually  deposit  more 
or  less  sediment.  Urine  that  is  turbid  when  passed  will  usually 
deposit  a  sediment,  which  may  contain  mucoid  substance,  pus,  blood, 
chyle,  earthy  phosphates,  acid  urate  of  sodium,  or  an  abundance  of  epi- 
thelial cells  from  the  kidney,  ureters,  or  bladder.  A  turbidity  which 
appears  withhi  a  few  hours  after  the  urine  is  voided  is  most  likely  to  be 
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due  to  acid  urates,  the  oxalate  of  lime,  or  the  earthy  phosphates.  When 
such  a  deposit  is  to  be  examined,  a  few  ounces  of  the  urine  are  set 
aside  in  a  cylinder  or  tall  vessel  to  allow  the  sediment  to  accumulate, 
or,  better,  the  sediment  may  be  separated  from  the  fresh  urine  by  the 


Fio.  70. 


centrifugal  machine.  The  urine  to  be  examined  is  well  shaken  and 
poured  into  specially  constructed  tubes  (C,  figure  70) ;  these  are  placed 
in  the  receptacles  (A)  and  revolved.  The  sediment  forms  at  the  bot- 
tom of  the  tube.  This  has  the  advantage  over  spontaneous  sedimen- 
tation, in  that  it  can   be  applied   while  the  urine  is  fresh.     Some 
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sediments  undergo  changes  on  standing  in  contact  with  urine.  The 
usual  form  of  centrifuge  is  shown  in  figure  70.  It  requires  from 
three  to  four  minutes  to  obtain  a  complete  sedimentation  of  ordi- 
nary urine.  The  sediment  may  be  removed  from  the  solution  by 
means  of  a  pipette,  or  narrow  glass  tube,  by  holding  the  finger  upon 
the  upper  end  until  it  is  depressed  to  the  bottom  of  the  glass,  and 
then,  on  removing  the  finger  for  an  instant,  the  sediment  will  be  drawn 
up  into  the  tube,  when  it  may  be  removed  for  examination.  It  is 
more  convenient,  for  the  microscopic  examination  of  urinary  sedi- 
ments, to  dispense  with  the  usual  cover-glasSi  as  a  larger  field  is 
available  for  search    for  characteristic  objects.     Sediments  may  be 


FlG.  7x.— DxpofiT  nf  *'  Acm  Fkimentation  "  of  Ukink.     (a)  Fdmoub;  {b)  Amorphous  Sodium 
Ukatk;  (c)  Ukic  Acid;  (d)  Calcium  Oxalate. 


either  crjrstallinei  amorphous,  or  organized.  To  the  crystalline 
deposits  belong  uric  acid,  urates,  calcium  oxalate,  the  phosphates 
or  carbonates  of  magnesium  and  calcium,  C3^tin,  hippuric  acid,  leudn, 
tyrosin,  etc.  Organized  deposits  include  mucous  corpuscles,  blood, 
pus,  casts,  epithelium,  fungi,  and  bacteria. 

The  chemical  examination  of  the  deposits  is  rarely  necessary.  When 
such  an  examination  is  deemed  necessary,  it  should  be  preceded  by  a 
microscopic  examination.  In  fact,  with  a  little  experience,  the  micro- 
scopic examination  may  greatly  assist  or  render  unnecessary  the  chem- 
ical examination,  as  most  of  the  unorganized  and  crystalline  sedi- 
ments may  be  easily  recognized  by  microscopic  better  than  by  chem- 
ical means. 
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Ciystalliiie  D^osits.— Uric  acid  occurs  in  crystals,  differing 
much  in  form  and  size,  and  stained  a  brownish-yellow  to  a  light  lemon- 
yellow  color  by  uroxanthin.  They  are  sometimes  large,  and  when 
grouped  together,  as  at  dy  figure  72,  are  large  enough  to  be  seen  with 
the  naked  eye.  They  dissolve  when  warmed  with  NaOH  solution. 
The  most  characteristic  forms  are  those  shown  in  figures  71  and  73. 

Acid  Urates. — ^Amorphous  urates  consist  principally  of  acid  sodium 
urate.  (See  Fig.  71.)  The  deposit  is  amorphous  unless  a  very  high 
magnifying  power  is  employed.  Then  it  is  s^n  to  be  made  up  of 
minute  fibular  particles  of  a  yellow,  red,  or  brbwn  color.    This  sedi- 


Pio.    7*^— Uuc  AcsD.     U)    Rbomuc   Tables    (WBnsTOifx   Fokm);    W    Bakkkl  Fobm; 
(c) -Shkavxs;  (ji)  Robbttu  of.Whrstonx  Crystals. 

ment  separates  only  from  acid  urines.    It  dissolves  to  a  dear  solu- 
tion on  adding  a  solution  of  NaOH  or  KOH,  or  when  heated. 

For  the  purpose  of  testing  the  solubility  of  the  sediment  under  the  microscope,  it 
will  be  found  conrenient  to  place  a  drop  or  two  of  the  solvent  on  the  slide  at  one 
side  of  the  cover-glass,  and  put  on  the  other  side  a  piece  of  bibulous  paper.  In  this 
way  the  fluid  is  drawn  under  the  cover-glass  on  tne  one  side  and  removed  at  the 
other,  the  old  liquid  being  replaced  bv  the  new.  In  this  way  the  action  of  the 
reagent  upon  urinary  sedunents  may  be  readily  observed. 

Acid  sodium  urate  sometimes  crystallizes  during  the  acid  fermenta- 
tion, in  the  form  of  larger  spheres  made  up  of  elongated  crystab.  They 
appear  under  the  microscope  as  yellow  or  brown,  frequently  almost 
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Xque  spheres,  with  one  or  more  spicules.  When  the  urine  becomes 
Uine  from  fermentation,  the  amorphous  urates  are  gradually  con- 
verted into  ammonium  urate,  which  has  the  appearance  seen  in  figure 
73- 


Fio.  73.— DxpofiT  OP  Ammoniacal  Uune  (Alkalink  Fbimentation).    (a)  Acm  AMMOimnf 
Urate;   (5)  Aioionio-magnesium  Phosphate;   (c)  Bacteua. 

Calcium  oxalate  occurs  as  a  sediment  in  transparent,  strongly 
refracting,  regular  octahedrons,  which  are  readily  soluble  in  HCl,  but 
insoluble  in  acetic  acid.  They  frequently  accompany  uric  acid  crys- 
tals, and  deposit  during  the  acid  fermentation,  as  shown  in  figure  71. 


00 


Fio.  74.-~Qxalatb  op   Liice.     (a)  Octa- 
hkdra;   (6)  Basal  Plane  op   an  Octa- 

HEDKON     PORMINO      A      RBCTANOLB;       (c) 

Compound  Forms;   id)  Ddmb-bblls. 


Fio.  75.~PBltPECT  DxnCB-BELL   ClVSTALI  OP 

Oxalate  op  Lime. 


They  are  frequently  called  envelope-shaped  crystals,  from  the  fancied 
resemblance  to  the  reverse  side  of  an  envelope.  They  are  usually  of 
very  small  size,  and  occasionally  appear  in  the  form  of  dumb-bells. 
(Figs.  74  and  75.}    A  few  isolated  crystals  of  calcium  oxalate  have 
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no  clinical  significance.  They  greatly  increase  after  eating  such 
vegetables  as  tomatoes;  fre^  beans,  beets,  aq>aragus,  apples, 
grapes,  honey,  and  after  the  administration  of  rhubarb,  senna,  squills, 
etc.  Another  source  of  oxalic  acid  in  the  body  is  incomplete  oxi- 
dation of  carbohydrates  and  proteid  retrograde  decomposition  prod- 
ucts. For  this  reason  it  is  frequently  met  with  in  excess  in  diabetes 
mellitus.  It  is  frequently  excessive  in  fermentative  dbturbances  in 
the  intestinal  canal,  and  in  certain  nervous  disturbances.  The  long- 
continued  excretion  of  an  excess  of  oxalate  of  calcium  frequently  irri- 
tates the  kidneys,  producing  albuminuria,  and  grave  nervous  disturb- 
ance, and  may  lead  to  the  formation  of  vesical  calculi  or  renal  calculi. 


fto.  76.— i4. 

It  is  usually  associated  with  an  excessive  amount  of  uric  acid,  mucus, 
and  phosphates. 

Ammonium-magnesiuin  phosphate  (triple  phosphate)  occurs 
as  a  sedunent  in  neutral  or  in  alkaline  urine.  The  crystab  are  large, 
transparent,  highly  refracting  prisms,  usually  in  the  form  seen  in  figure 
78.  Occasionally  it  occurs  in  the  form  of  feathery  crystals,  or  star- 
shaped  groups.  They  are  never  cobred.  They  frequently  attain  a 
size  sufficient  to  render  them  visible  to  the  naked  eye,  especially  in 
a  strong  light. 

Magnesium  phosphate  is  occasional^  deposited  in  concentrated 
urines  of  feebly  alkaline  reaction. 
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Calcium  phosphate  crystals  appear  as  pointed,  wedge-sb^ped 
prisms,  either  singly  or  in  dusters.  They  are  dissolved  by  aoetK  4jir 
nydrodiloric  acid. 


Fio.  77* — Dbkmr  rroM  a  Case  or  Imtlaiixd  Bladdu  (Ammoniacal  FnucBiiTATioiff). 
(a)  DKTAcnD  Et.thkuum;  (fr)  Pus-cospusclks;  (0  Tuple  Paomun;  (dj  Mmo' 
ooocuB  Uwrnm*  * 


niD 
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Pko.  78.~Thi  Mokx  Usual  Fouis  or  Tuple  Phosphatx.    X  jmw 

Calcium  sulphate  is  rarely  present  as  a  urinary  sediment.  It 
occurs  in  the  form  of  long,  colorless  needles  or  prisms,  or  in  ebngated 
tables  with  abrupt  extremities. 
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Caldum  carbonate  occasionally  occurs  in  the  urine  as  an  amor- 
phous deposit,  but  on  higher  magnification  it  is  seen  to  be  made  up 
of  minute  spherical  granules.    (See  Fig.  8i.) 

Hippuric  acid  occasionally  occurs  as  a  sediment  in  the  urine  in 
the  form  of  four-sided  prisms,  either  occurring  separately  or  in  groups. 
They  are  soluble  in  anunonia,  insoluble  in  HCl.  It  occurs  especially 
after  the  administration  of  benzoic  acid  and  after  eating  certain  fruits, 
as  cranberries,  bilberries,  etc.    It  is  of  no  diagnostic  importance. 

Cystin. — The  crystals  of  this  body  appear  as  regular  hexagonal 
plates,  superimposed  or  contiguous  to  one  another.  (See  Fig.  76.) 
They  are  insoluble  in  acetic  acid,  but  soluble  in  ammonia.    It  is  some- 


Fio.  70.— ^HipruRic  Acm. 


times  also  found  in  solution  in  the  urine.  C3rstin  is  a  decomposition 
product  of  proteid  matter,  and  generally  the  result  of  bacterial  action 
in  the  intestines.  It  is  frequently  associated  with  diamins  and  ethereal 
sulphates.    It  sometimes  forms  calculi. 

Leucin  and  tyrosin  always  occur  together.  Tyrosin  occurs  in 
the  sediment  in  the  form  of  sheaves  of  very  fine  crystals.  Leucin, 
commonly  associated  with  tyrosin,  is  more  soluble,  but  occurs  to  some 
extent  in  the  sediment  in  the  form  of  small  spheres,  not  unlike  oil  glob- 
ules, which  in  a  good  light  are  seen  to  be  marked  with  radiating  striae. 
When  quite  pure,  leucin  crystaUizes  in  delicate  plates,  but  as  a  urinary 
sediment  it  usually  forms  spheres.  (See  Fig.  80.)  Tyrosin  has  been 
43 
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found,  together  with  leucin,  in  the  urine,  in  phosphorus  poisoning,  in 
acute  yellow  atrophy  of  the  liver,  in  leukemia,  and  in  some  of  the  in- 
fectious diseases. 

Fat  is  deposited  in  the  form  of  strongly  refracting  globules  of  vary- 
ing size,  and  readily  soluble  in  ether.  It  may  be  present  in  the  urine 
in  small  quantities  after  the  fracture  of  bones,  and  in  some  chronic 
cases  of  Bright's  disease  attended  with  fatty  degeneration.  In  chy- 
luria  it  occurs  in  greater  abundance. 

Indigo  occasionally  occurs  as  a  sediment  in  concretions  and  amor- 
phous fragments,  and  also  in  the  form  of  blue  crystals  and  dusters  of 


Fio.  80.— (a,  a)  IjEXJCts  Balls;  (6,  b)  Tysosin  Sheaves;   ic)  Double  Balls  or 

Ukate. 


fine,  blue  needles.  The  crystak  of  indigo  are  not  rare  in  decomposing 
and  fermenting  urines,  in  which  they  result  from  the  decomposition 
of  the  indoxyl-sulphate.  They  occur  more  especially  in  the  urine  of 
hepatic  abscess  and  in  cirrhosis  of  the  liver. 

Urinary  concretions  of  considerable  size  are  occasionally  to  be 
seen  in  urine  with  the  naked  eye.  They  consist,  for  the  most  part, 
of  urates,  or  urates  with  uric  acid.  Their  recognition  is  important  in 
the  diagnosis  of  renal  colic.  When  composed  of  uric  acid  or  acid 
lurates,  their  color  is  usually  red  or  brown.  Phosphatic  concretions 
of  larger  size  occur  more  rarely.  They  are  light  colored.  Other  con- 
cretions.are  occasionally  met  with. 
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Foreign  bodies  occur  in  the  urme  from  accidental  causes,  or  from 
negligence  in  collecting  the  specimen.  We  may  mention  fungi,  yeast- 
cells,  micro-organisms,  fat  globules;  fibers  of  silk,  linen,  and  wool; 
feathers,  wood,  starch,  etc.  Bodies  of  this  kind  will  be  seen  in 
almost  every  specimen  examined.  They  will  not  cause  any  confusion, 
after  a  little  practice,  as  they  are  so  different  from  any  of  the  charac- 
teristic urinary  sediments  that  mistakes  will  rarely  be  made.  Frag- 
ments of  tumors,  as  sarcoma,  carcinoma,  etc.,  may  occasionally  be 
found,  and  their  import  is  self-evident. 

Organized  Deposits. — Mucous  corpuscles  are  seen  as  round, 
finely  granular  cells,  somewhat  larger  than  blood-corpuscles,  and  con- 


no.  8x.— (a)  Spermatozoa;   (6)  Amorfbous   CAixinM  Carbonatx;   <0  Ammonium  Magne- 
sium Phosphate. 


taining  from  three  to  five  nuclei.  They  can  not  be  distinguished  from 
the  colorless  blood-corpuscles.  (See  Fig.  85.)  Pus-corpuscles 
resemble  the  mucous  corpuscles  in  their  appearance.  If  fresh,  warm 
urine  containing  mucous  or  pus-corpuscles  be  examined  under  the 
microscope,  the  corpuscles  will  be  seen  to  undergo  the  ameboid  change 
of  shape.  When  the  urine  becomes  cold,  this  movement  ceases,  and 
the  corpuscles  assume  the  globular  form.  Water  causes  these  cor- 
puscles to  swell,  the  nuclei  becoming  more  distinct,  and  the  outline 
gradually  disappearing.  Acetic  acid  produces  a  similar  change,  but 
more  rapidly.  Solutions  of  KOH,  NaOH,  and  NH^OH  disintegrate 
these  corpuscles,  destroying  the  cells  and  granules;  the  nuclei  are 


9m,  ta. — (a)  Micmooooa  m  Sboit  CRAim  amd  Giouit;  0)  SAicnr^;  (e)  Fuhoi  fbom 
Acid  FKUcnrrATtON;  W  Ybabt  Cklls  noM  Diabbiic  uxms;  («)  Mtckuum  at  a 
Fnrous,  oi  Moid. 


fm.  8s.— (a)  EnTHXuAL  Cblls  fkom  the  Malb  Ukxtbxa;  (h)  nou  the  Vagoia;  (c)  rok 
TSB  Pmostats;  (^  Cowm's  Glamds;  (c)  Lmss's  Glands;  (/)  Fkmalb  Ukxtkka; 
ig)  Bladder 
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,  A*.  S4*— CUMATXD   RjtD   BLOOD-COSPUSCLES   IN   THX   UUMX.      X  J9» 


Flo.  85.— RsD  A2n>  CoxxmuM  BLOOD-ocnPuicuu  or  Vasious  Foub. 
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the  last  to  disappear.  In  alkaline  urines,  therefore,  the  mucous  and 
pus-corpuscles,  if  present,  rapidly  undergo  disintegration. 

Epithelial  ceUs  of  a  variety  of  shapes  are  found  in  normal  urine. 
Those  from  the  convoluted  portion  of  the  tubules  are  polygonal  in 
shape,  but  on  remaining  for  some  time  in  the  urine  they  absorb  water 
and  become  globular.  They  are  a  little  larger  than  pus-corpuscles, 
and  may  be  distinguished  from  the  latter  by  having  but  one  large,  dis- 
tinct nucleus.  The  epithelial  cells  of  the  loop  of  Henle  and  the  larger 
collecting  tubes  are  columnar  in  shape.  Those  from  the  ureter,  pel- 
vis, and  male  urethra  are  elongated  and  conical,  containing  one  nu- 
cleus near  the  center.  Large,  flat,  squamous,  epithelial  ceUs  are  ob- 
tained from  the  bladder,  vagina,  and  female  urethra.  (Fig.  83.)  In 
chronic  cystitis,  after  the  large,  flat,  irregular  cells  have  been  shed 
off,  we  may  have  smaller,  rounded  cells.  Rapidly  proliferating  cells 
have  a  large  nucleus  in  proportion  to  the  remainder  of  the  cell.  Old 
cells,  slowly  proliferated  and  desquamated,  have  a  smaller  nucleus  in 
proportion  to  the  rest  of  the  cell.  This  is  of  importance  in  the  diag- 
nosb  of  new  growths  likely  to  be  found  in  the  bladder. 

Blood-corpuscles  in  the  urine  appear  as  small,  round,  disc- 
shaped corpuscles  of  a  light  straw  or  red  color,  and  when  seen  on 
edge  appear  biconcave.  They  are  prone  to  changes  in  form  and  size 
on  standing  for  some  hours.  They  undergo  decomposition  in  alkaline 
urines,  change  their  form,  and  Anally  become  invisible. 

Casts. — Casts  are  gelatinous  molds  of  the  uriniferous  tubules. 
They  may  appear  clear  and  transparent  or  they  may  contain  blood- 
or  pus-corpuscles,  epithelial  cells,  granular  matter,  crystals,  or  oil- 
drops,  imbedded  in  the  substance  of  which  they  are  composed,  from 
which  they  are  named  epithelial  casts,  blood-casts,  granular  casts, 
fatty  casts,  waxy  casts,  and  hyaline  casts. 

Hyaline  casts  are  perfectly  clear,  transparent  cylinders,  without 
markings,  having  nearly  the  same  refractive  index  as  the  urine,  and 
consequently  are  not  readily  seen,  especially  in  a  strong  light.  (Fig. 
86.)  They  are  more  readily  seen  with  oblique  illumination,  or  by  add- 
ing a  few  drops  of  solution  of  eosin,  Bismarck  brown,  methyl-green,  or 
fuchsin,  to  the  urine  while  the  sediment  is  forming.  They  are  char- 
acteristic of  the  very  earliest  and  the  recovering  stages  of  nephritis, 
and  are  also  found  in  congestion  of  the  kidney,  or  in  simple  irritative 
catarrh  of  the  tubules. 

Blood-casts  contain  blood-corpuscles  imbedded  in  them,  and  in- 
dicate an  acute  inflammation  of  the  kidney  with  escape  of  blood- 
corpuscles  from  the  circulation  into  the  tubules.  (See  6,  Fig.  86.) 
They  are  characteristic  of  the  very  acute  stages  of  nephritis. 

Epithelial  casts  are  those  in  whose  surfaces  epithelial  cells  from  the 
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tubules  are  imbedded.  (See  c,  Fig.  86.)  They  indicate  a  rapid  shed- 
ding of  the  epithelial  cells  lining  the  tubules,  and  usually  occur  in  the 
second  stage  of  the  inflammation—*. «.,  when  the  inflammation  has  loos- 
ened the  epithelial  cells.  They  will  usually  be  found  only  in  acute 
nephritis. 

Granular  casts  are  those  containing  granules,  either  small  or 
large.  The  granular  matter  may  come  from  either  the  disintegration 
of  the  epithelial  cells,  blood-cells,  or  from  the  material  of  the  cast 
itself.  They  are  frequently  spoken  of  as  finely  granular,  moderately 
granular,  and  coarsely  granular,  the  amount  of  granular  matter  giving 
an  idea  of  the  amount  of  the  destructive  disintegration  taking  place 


rm.  \Y'.<>Ai<vnrs  Diffuse  Nephritis.    Hyaline  Casts  :  a.  Red  Blood  Cells;  ft,  Blood  Cast; 
c,  Efitheual  Cast. — {Biumenihal.) 

in  r^'  kidney.  The  dense,  coarsely  granular  varieties,  represented  by 
figure  88,  ft,  are  more  especially  found  in  chronic  cases.  The  finely 
granular  cast  seen  in  figure  88,  a,  may  be  found  in  the  chronic  or  in 
the  subacute  form  of  the  disease. 

Fatty  casts,  or  oil  casts,  are  such  as  reveal  oil  drops  in  the  cast 
material.  They  occur  in  chronic  nephritis  attended  by  fatty  degen- 
eration. It  is  sometimes  difficult  to  determine  whether  the  granular 
degeneration  seen  in  these  casts  is  due  to  the  degeneration  of  the  cast 
itself,  after  having  been  formed,  or  whether  it  is  the  result  of  the  dis- 
integration of  blood-cells  or  epithelial  cells.  These  casts  form  in  the 
tubules,  and  often  remain  there  for  a  considerable  time — a  sufficient 
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time,  perhaps,  to  undergo  granular  and  even  fatty  degeneration.  It 
is  certain  that  the  coarsely  granular  and  fatty  casts  are  never  found  in 
the  earlier  stages  of  the  disease. 

Waxy  casts  are  a  variety  somewhat  resembling  hyaline  casts,  but 


Fio.  87— Epithwjal  Casts. 


Fio.  88.— Granulas  Casts. 


are  more  dense  and  more  distorted,  and  frequently  are  cracked  or  torn 
along  the  edges,  or  they  have  lost  the  regularity  of  their  outline.  They 
sometimes  giv:  a  blue  color  with  sulphuric  acid  and  iodine,  are  more 

refractive  than  hyaline  casts,  and  are  in- 
soluble in  acetic  acid,  while  hyaline  casts 
%H    Mk  ^     #    ^0      are  soluble. 
m     ^m  f     dji^^  Mucous  casts  or  cylindroids  are  fre- 

f       ^V       I^H^B      qu^i^tly  spoken  of.    They  are  long,  trans- 
f       ^B        ^^BKt      p^ent,  fibrillar  bodies,  twisted  and  branch- 
I^L        ^J|Slm       ^^S»  ^^^  lacking  in  the  terminal  features 
f      ^A^     ^^K^      ^^  casts.     They  should  not  be  regarded  as 
^^F      SpKR      casts,  although  we  may  meet  with  mucous 
^HF  W^^^      plugs  from  the  follicles  in  the  prostatic 

^H%^    6jpj|n        urethra  which  closely  resemble  casts.  The 
^^   ^*      ^  character  of  the  epithelial  cells,  with  which 

Fio.  80.  Fio.  90.  they  are  associated,  will  usually  serve  to 

distinguish  them.  The  absence  of  albu- 
min in  the  urine,  which  usually  accompanies  true  casts,  will  also  assist. 
True  renal  casts  without  albumin  in  solution  are  rare.  Hyaline  casts 
without  albumin  are  not  rare,  but  they  are  frequently  mucous  instead 
of  true  tube-casts. 
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Casts  can  usually  be  readily  distinguished  from  other  bodies  met 
with  in  the  urine  by  the  peculiarly  rounded  end,  formed  by  the  pushing 
of  the  cast  material  through  the  tubule,  by  pressure  from  behind,  while 
still  in  a  plastic  condition.  This  rounded  extremity  is  one  of  the  most 
characteristic  features  in  casts,  and  when  in  doubt  as  to  the  identity 
of  an  object,  this  will  often  serve  as  a  guide. 

False  or  Pseudo-casts. — Cast-like  formations  of  urates  will 
occasionally  be  met  with,  and  always  resemble  granular  casts.  (See 
•  Fig.  89.)  Masses  of  micrococci  dosely  resembling  casts  will  also 
occasionally  be  seen,  but  these  can  usually  be  distinguished  by  their 
appearance,  or  by  their  resistance  to  reagents,  as  caustic  potash,  nitric 
acid,  etc.  Leucocyte  casts  (Fig.  90)  are  met  with  in  suppurating 
conditions  of  the  tubules  of  the  kidney,  in  gonorrhea,  prostatitis, 
and  leucorrhea. 

Granular  Detritus.— Under  this  name  we  will  designate  the  ill- 
defined  granular  or  disint^rating  masses  of  material  frequently  met 
with  in  cases  of  nephritis.  These  irregular  or  amorphous  masses  are 
probably  partially  disintegrated  cells,  or  masses  of  free  granules  of  this 
origin.  The  amount  of  this  material  in  any  specimen  of  nephritic 
urine  should  be  noted,  as  an  aid  in  arriving  at  a  clear  idea  of  the  amount 
of  destructive  change  going  on  in  the  kidney.  This  point  is  an  impor- 
tant one  in  prognosis,  as  by  it  we  are  able  to  determine  that  organic 
destruction  of  the  kidney  is  rapidly  progressing,  and  the  prognosis  un- 
favorable; or,  that  there  is  little  or  no  organic  destruction  and  the 
prognosis  better. 

The  following  scheme  for  the  chemical  and  microscopic  examina- 
tion of  sediments  will  be  found  useful  as  a  guide  to  rapid  work: 


URIKART  DEPOSITS. 

Chemical  Examination. 

Draw  ofiF  a  portion  of  the  sediment  with  a  pipette  or  glass  tube,  and  transfer 
to  a  watch-glass  or  small  test-tube. 

Dissolve  on  heating  urine, Ammonium  urate, 

f  Sol.  in  NH4OH, Cysiin. 

f  Soluble  in  acetic  acid, 
Earthy  phosphates. 
Insoluble  in  acetic  add, 
Calcium    oxalate  or 
oxalurate. 
Gelatinizes  in  Na^OH,  Pus  (see  above). 

"Visibly  crystalline  (red), Uric  add, 

'  Pale,  easily  soluble  by  heat, Urates, 

Deep-colored,  slowly  soluble  by  heat,  Acid  urates  with 

uroerythrin. 
Red,  insoluble  by  heat,  alkalies,  or  adds,. . .  .Blood. 


White 
Deposit. 


Colored 
Deposit. 


Insoluble  on  heating. 


Amorphous, 


Insol.  in  NH^OH,  • 
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Microscopical  Examination. 


With  a  clean  pipette  draw  o£f  a  small  portion  of  the  sediment,  transfer  to  a 
clean  glass  slide,  and  examine  with  a  }-in.  or  |-in.  objective.  A  cover-glass  may 
be  dispensed  with. 

Small  granules  with  spicules  on  larger  f  ,.  ,  .  o^jv.,^  .,^„s^ 
granules  ;  vanishes  on  adding  KOH  \  5«°^  "  5orf»um  uraU. 
gnwiuira,  ya*i«  w  wu  auviixijs  xwv^xx  ^  dark  —  i4mi>«m»«m  iirafc. 

or  NaOH, (, 

•  Permanent  on  adding  KOH  or  NaOH,.  .Ca/«*«m  carbonate  (rare). 

Globules,  strongly  refracting  light, Fat, 

Yellow,  cross  or  whetstone-shaped,  or  in  groups.  Uric 

acid. 
Regular  octahedra,  envelope-shaped.  Calcium  oxalate. 
'  plates,  soluble  in  NIi^OH  (white),  Cystin. 


Deposit  is 
Amor- 
phous. 


Deposit  i 
Crystal- 
line. 


Cellular 
Elements. 


Urine 
Add. 


Hexagonal  [         ,  ,         >  .      . 

Bundles  of  needles  crossing  each  other, Tyrosin. 

Large  prisms,  soluble  in  acetic  acid  (coffin-lid  shaped), 

AmmonuMnagnesium  phosphate. 

Brown,  double  spheres,  spiculated,  Urate  of  ammonium. 
Club-shaped  crystals,  single  or  in  groups,  Calcium 
Alkaline    I       phosphate. 

Urine.        |   Double  spheres,  radiated  structure,  soluble  in  acetic 

acid,  with  effervescence,.  .Ca/ct«m  carbonate  (rare). 

Double  spheres,  insoluble  in  acetic  acid,  Calcium  oxal- 

urate  (rare). 
Double  spheres,  yellow  or  red,  striated, ....  Uric  acid. 
Red  or  yellow  discs,  biconcave ;  sometimes  irregular  in  outline, 
Blood<ells. 

Granulated  corpuscles.    With  '\  Albumin  present, Pus. 

diluted  acetic  acid,  show  3  >  Albumin  absent,  Mucous  corpus- 
to  5  nuclei,  j      cles. 

Round,  conical,  or  fiat  cells  with  one  nucleus,  Epithelium  from  uri- 
nary tract. 

Tadpole-shape,  with  long  tail  (small), Spermatozoa. 

Cylinders,  parallel  margins,  clear,  granular,  or  containing  epithelial 

cells  or  blood-cells, Casts  of  uriniferous  tubules. 

Fungi,  yeast,  hairs,  threads,  etc.,  etc., Extraneous  matters. 


URINARY  CALCULI. 

Urinary  calculi,  or  concretions,  are  hard  masses  of  urinary  sedi- 
ments formed  in  the  kidney,  ureters,  bladder,  or  crypts  of  the  pros- 
tate gland.  They  are  simple,  composed  of  one  kind  of  material,  or 
compound  or  mixed,  composed  of  two  or  more  kinds  of  material, 
deposited  in  concentric  layers.  In  the  examination  of  a  calculus  it 
should  be  sawed  through  so  as  to  expose  these  layers,  and  small  por- 
tions of  each  layer  examined  separately.  An  examination  of  a  cal- 
culus is  necessary  to  determine  the  condition  which  led  to  its  forma- 
tion, and  to  suggest  proper  treatment  to  prevent  the  formation  of 
others.  About  sixty  per  cent,  of  all  urinary  calculi  are  composed  of 
uric  acid  or  acid  urates.  They  are  generally  reddish  and  smooth, 
but  sometimes  tuberculated.  About  forty  per  cent,  of  the  remainder 
of  the  stones  are  mixed  uric  acid  and  earthy  phosphates,  containing 
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rather  more  of  the  latter  ingredients.  When  the  calculus  starts  as  a  uric 
acid  concretion,  and  the  urine  changes  from  acid  to  alkaline,  the  phos- 
phates are  deposited.  This  change  is  apt  to  occur  sooner  or  later.  The 
cross-section  of  such  a  calculus  shows  very  plainly  the  different  layers. 

Calcium  oxalate  calculi,  or  mulberry  calculi,  comprise  about 
three  per  cent,  of  all  cases  operated  upon.  They  are  gray  or  dark 
brown,  very  hard,  and  generally  tuberculated,  when  they  are  often 
called  "  mulberry  calculi."  When  smooth  they  are  often  called  "  hemp- 
seed  calculi." 

The  phosphatic  calculi  are  rare,  as  are  those  composed  of  calcium 
carbonate,  cystin,  xanthin,  fibrin,  blood,  indigo,  and  urostealith. 


SUMMARY  OF  COMPOSITION  AlID  VARIATIONS  IN  THE  TWENTY- 
FOUR  HOURS'  URINE. 

The  subjoined  table  gives  the  most  prominent  variations  in  physical 
and  chemical  characters,  with  brief  notes  of  their  significance.  The 
student  is  referred  to  the  text,  or  to  one  of  the  numerous  handbooks 
upon  this  subject  for  details: 


Physical 
Charactkr. 


Color. 


Transparency. 

Consistence. 

Odor. 
Reaction. 


NOKMAL. 


Pale  straw  to 
reddish  yel- 
low. The 
usual  color 
is  amber. 


Clear,  with 
only  a  slight 
flocculent 
cloud  of  mu- 
coid. 

When  normal, 
urine  is  mo- 
b  i  1  e,  like 
water. 

Peculiar  to  it- 
self. 

Slightly  acid; 
becomes 
more  add 
on  standing, 
then  be- 
comes alka- 
line. 


Altbrations  in  Abnormal  Conditions. 


Colorless :  neuroses,  chronic  nephritis,  diabetes. 

High-colored :  acute  fevers,  icterus. 

Blood-red :  blood  or  foreign  color. 

Dark  brown:    hematuria,   poisoning  by  carbolic 

acid,  potass,  chlorate,  or  iodoform. 
Smoky   brown:  presence  of  decomposed  blood, 

acute  nephritis. 
Yellow  or  green :  presence  of  bile. 
White:  chyle  or  pus. 
Urine  turbid  when  passed,  is  abnormal.     Whitish 

sediment  may  be  pus,  phosphates,  or  ammonium 

urate. 


When  viscid,  it  indicates  albumin,  bile,  mucoid 
substance,  or  pus. 


Urine  putrid  when  passed,  indicates  cystitis. 

Urine  strongly  add  in  fevers  and  inflammations  of 
the  liver,  heart,  and  lungs;  in  acid  dyspepsia. 
Urine  is  alkaline  in  cystitis,  and  occasionally  in 
debility,  chlorosis,  certain  organic  nervous  dis- 
eases, typhus,  etc 
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CONSTITIWNTS. 


Sulphuric  acid. 


Phosphoric 
add. 


Oxalic  acid. 


Phosphate  of 
lime. 


Phosphate  of 
mai|;nesium. 


Chloride  of 
sodium. 

Free  acid  (cal- 
culated a  s 
oxalic  acid). 


Total 

inorganic  salts. 

Potassium. 

Sodium. 

Calcium. 

Magnesium. 


Amount 
iN  Grains. 


23  to  38 
46  to  54 

0.3 
4toS 

7  to  II 

150  to  250 
CI  =  90  to 

150 
Na  =  6oto 

30  to  60 


200  to  380 
38  to  48 

140  to  180 
4  to  5 
2  to  3 


Altbeations  in  Pathological  Conditions. 


Having  more  or  less  the  same  source  as  urea,  it 
will  increase  or  diminish  therewith.  Occurs  as 
sulphuric  esters,  and  preformed. 

Increased  in  fevers,  in  nerve-exhaustion,  disease 
of  spinal  cord,  and  in  tubercle  of  the  lung.  In 
phosphatic  diabetes  the  alkaline  phosphates  are 
greatiy  increased. 

Diminished  in  manj  mental  diseases,  especiallj 
maoia,  in  nephritis,  and  in  chlorosis. 

Increased  in  catanhal  jaundice,  and  in  oxalic 
acid  diathesis,  mental  depression,  and  certain 
forms  of  d3rspep6ia. 

Increased  in  osteomalacia,  rickets,  scrofula,  car- 
cinoma, long-continued  suppuration,  oiganic  dis- 
ease of  the  spinal  cord. 

Diminished  in  fevers. 


Increased  in  fevers  at  the  onset,  and  with  the  re- 
absorption  of  dropsical  fluids. 

Diminished  during  apyrexia,  dropsies,  cholera, 
typhus,  inflammations  generally,  and  especially 
in  the  forming  stage  of  pneumonia. 

Increased  during  the  acme  of  acute  febrile 
affections  (on  account,  probably,  of  the  dimin- 
ished proportion  of  water  present). 

Diminished  in  most  diseases  affecting  the  nutri- 
tion and  leading  to  a  deficiency  thereof. 


Organic  Comstitttents. 


Uiea. 


450  to  500 

or 
30  to  34  gm. 


Increased  after  much  meat,  in  fevers,  diabetes 
mellitus,  copious  drinking  of  water  or  alcohol, 
congestion  of  liver. 

Diminished  in  abstinence  from  meat,  rest,  hepatic 
abscess,  nephritis,  chronic  wasting  diseases. 
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Okgaiqc 

CON8I ITUBMTS. 

Amount 

IN  GRAIN8. 

ALTSaATIONS  IN  PATHOLOGICAL  CONDITIONa. 

Uric  arid. 

4  to  15 

Increased  in  leuoocythemia,  pemidoos  anemia, 

(ratio  to  urea, 

gout,  rheumatism,  deficient  oxidation;  ofganic 
diseases  of  heart,  lungs,  liver,  or  skin;  after 
acute  fevers  and  excessWe  meat  diet. 

1:40) 

Diminished  m  vegetable  diet,  gout,  before  atUck, 

chronic  renal  disease,  outdoor  exerdse. 

Htppiinc  acid. 

5  to  15 

Increased  with  vegetable  diet,  after  taking  ben- 

zoates. 
Decreased  in  animal  diet. 

Craitmin. 

8  to  15 

Increased  in  meat  diet,  and  increased  nitrogenous 

metabolism. 
Decreased  in  vegetable  diet,  and  milk  diet. 

Xanthin 
Bttct. 

0.5  to  a 

Increased  in  splenic  disease,  meat  diet,  defident 
oxidation. 

CvboUcadd, 

aoi5 

Increased  m  certain  diseases  of  the  mtestines. 

Cre«l.elc. 

causing  constipation  (ileus,  eto.),  but  has  been 
observed  to  be  increased  also  in  certain  cases  of 
diarrhea. 

Indosyl. 

0.07  to  0.05 

Increased  with  diseases  attended  by  constipation 
and  intestinal  fermentation,  and  occasionally, 
also,  in  cases  of  diarrhea.  After  cholera,  can- 
cer of  the  liver  and  stomach,  purulent  periton- 
itis. Valuable  diagnostic  sign  m  typhoid  fever 
and  cancer  of  the  liver. 

Acetone, 

Tiaoei. 

Increased  in  diabetes  mellitus ;  conditions  of  in- 

Diacetk add, 

«< 

creased  protdd  metabolism,  with  defident  oxi- 

Hjdroxybiity- 

«< 

dation. 

ric  add. 

u 

Albumin. 

None. 

Nephritis,  pregnancy,  poisoning  by  certain  sub- 
stances, cold  baths,  violent  exercise,  rheumatism. 

infectious  fevers,  etc. 

Albomoae. 

None. 

Presence  not  clearly  diagnostic. 

Peptone. 

None. 

««         <<       <<            «i 

Dextroee. 

None  or  trace. 

Glycosuria  and  4>abetes  mellitus. 

LactoM. 

None. 

During  lactation,  after  weaning. 

Bile. 

None. 

Obstruction  in  bile-duct,  structural  hepatic  dis- 
eases, malaria,  pemidous  anemia,  yellow  atrophy 

Blood. 

None. 

of  liver,  typhoid  fever,  and  AsH,  poisoning. 
Hemorrhages,  giving  hematuria;  nemoglobm   in 
malaria,  acute  nephritis  (sometimes). 

Pu. 

None. 

Suppuration. 

Macvs. 

Present 

Increased  in  any  irritation  along  the  urinary  tract, 
l^  uric  add,  caldum  oxalate,  etc.,  catarrh  of 
bladder,  urethra,  vagina.     Usually  increased  in 

acute  fevers. 

APPENDIX. 


RULES    FOR  THE  SPELLING  AND  PRONUNCIATION   OF 
CHEMICAL  TERMS. 

Adopted  by  the  Aicerican  Association  for  the  Advancement  op  Science 

IN  1891. 


In  1887  a  committee  was  appointed  b^  the  American  Association  for  the 
Advancement  of  Science  to  consider  the  question  of  attaining  uniformity  in  the  spell- 
ing and  pronunciation  of  chemical  terms.  The  work  of  this  committee  extended 
through  the  following  four  years.  As  a  result  of  widespread  correspoodence  and 
detailed  discussion  at  the  annual  meetings  of  the  Chemical  Section  of  the  American 
Association,  the  accompanying  rules  have  been  formulated  and  adopted  by  the 
Association.  They  are  submitted  to  chemists  generally,  and  especially  to  the  large 
number  of  those  engaged  in  teaching  chemistry,  with  the  request  that  a  cordial  and 
earnest  effort  be  made  to  render  their  use  general,  and  thus  obviate  the  many  diffi- 
culties arising  from  the  present  diversities  of  style. 

The  following  summary  of  the  rules  has  been  arranged  in  the  form  of  a  chart, 
by  the  National  Bureau  of  Education,  for  general  distribution  to  high  schools  and 
collc^. 

For  the  reasons  stated  in  the  preface,  we  have  not  adopted  the  spelling  here 
recommended  for  those  substances  that  are  official.  We  have,  however,  adopted  it 
in  the  names  of  the  newer  synthetic  remedies,  and  in  organic  compounds  not  used  in 
medicine. 

It  is  yet  a  matter  of  doubt  whether  these  rules  will  be  generally  adopted  by 
English-speaking  chemists.  English  chemists  are  not  generaUy  favorably  disposed 
toward  the  reforms  proposed  and  even  the  Journal  of  the  American  Chemical 
Society  has  abandoned  the  reform  spelling. 

General  Principles  op  Pronunciation. 

1.  The  pronunciation  is  as  much  in  accord  with  the  analogy  of  the  English 
language  as  possible. 

2.  Derivatives  retain  as  far  as  possible  the  accent  and  pronunciation  of  the  root 
word. 

3.  Distinctly  chemical  compound  words  retain  the  accent  and  pronunciation  of 
each  portion. 

4.  Similarly  sounding  endings  for  dissimilar  compounds  are  avoided  (hence 
-id,  -ite). 
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Accent. 
In  polysyllabic  chemical  words  the  accent  is  generally  on  the  antepenult;   in 
words  where  the  vowel  of  the  penult  is  followed  by  two  consonants,  and  in  all  words 
ending  in  -ic,  the  accent  is  on  the  penult 


Prefixes. 
All  prefixes  in  strictly  chemical  words  are  regarded  as  parts  of  compound  words, 
and  retain  their  own  pronunciation  unchanged  (as  &'ceto-,  ft'mido-,  i'zo-,  hy'dro-, 
I'so-,  nl'tro-,  nitrfi'so-). 

Elements. 
In  words  ending  in  -htm,  the  vowel  of  the  antepenult  is  short  if  i  (as  bf  dium), 
or  7  (as  dIdjKmium),  or  if  before  two  consonants  (as  c&lcium),  but  -long  otherwise 
(as  titft'nium,  sClft'nium,  chrd'mium). 


alQ'minum. 

a'ntimony. 

a'rsSnic. 

bft'rium. 

bi'smuth  (biz). 

bfi'ron. 

br6'min. 

c&'dmium. 

c&'ldum. 

ca'rbon. 

cft'rium. 

cft'sium. 

chld'rin. 

chr6'mium. 

c6'balt. 

coltt'mbium. 

co'pper. 

dIdjKmium. 

e'rbium. 

flQ'orin. 

g&'llium. 

germ&'nium. 

glQ'cinum. 


gold. 

hydrogen. 

I'ndium. 

I'odin. 

Iri'dium. 

iron. 

Ift'nthanum. 

lead. 

K'thium. 

magnesium  (zhium). 

ma^nganese  (eze). 

me'rcury. 

mdljKbdenum. 

nl'ckel. 

nl'trogen. 

d'smium. 

d'zygen. 

paUft'dium. 

phte'phorus. 

pl&'tinum. 

pot&'ssium. 

rhd'dium. 

rubi'dium. 


ruthi'nium. 

sam&'rium. 

sc&'ndium. 

sSle'nium. 

si'licon. 

silver. 

sd'dium. 

8tr6'ntium  (ahium). 

stt'lfur. 

t&'ntalum. 

tell&'rium. 

te'rbium. 

th&'Uium. 

thd'rium. 

tin. 

tittft'nium. 

ttt'ngsten. 

tlra'nium. 

v&n&'dium. 

ytte'rbium. 

jf^ttrium. 

zinc. 

zircd'nium. 


Also  &nmiQ'nium,  phosphd'nium,  h&'logen,  cyft'nogen,  iml'dogen. 


in  the 


Note  in  the  above  ust  the  spelling  of  the  halogens,  cesium,  and^ulfur;  f  is  used 
le  place  of  ph  in  all  derivatives  of  sulfur  (as  sulfuric,  sulfite,  i   ' 


t  sulfo-,  etc.). 


TERinNATIONS  IN  -iC. 

The  vowel  of  the  penult  in  polysyllables  is  short  as  (cyft'nic,  fam&'iic,  arsS'nic, 
sill'cic,  i6'dic,  bQtJKric),  except  (i)  u  when  not  used  before  two  consonants  (as 
mercQ'ric,  prfi'ssic),  and  (2)  when  the  penult  ends  in  a  vowel  (as  benzQ'ic,  ole'ic); 
in  dissyllables  it  is  long  except  before  two  consonants  (as  bd'ric,  dt'tric).  Exception: 
acfi'tic  or  acS'tic. 

The  termination  -ic  is  used  for  metals  only  where  necessary  to  contrast  with 
-0U8  (thus,  avoid  aluminic,  ammonic,  etc.). 
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Tekminations  in  -ous. 
The  accent  follows  the  general  rule  (as  plft'tinous,  stt'lfuious,  phd'sphcvoiiSv 
cobaltus).    Exception:  acft'tous. 

Terminations  in  -«te  and  -ite. 
The  accent  follows  the  general  rule  (as  &'cet&te,  v&'nad&te);  in  the  following 
words  the  accent  is  thrown  back:   ft'biet&te,  &'lcohol&te,  ft'cetonite,  &'ntimonIte. 

Terminations  in  -id  (formerly  -Ide). 
The  final  •  is  dropped  in  every  case,  and  the  syllable  pronounced  id  (as  chld'rid, 
i'odid,  hy'diid,  d'xid,  hydrd'xid,  stt'lfid,  ^mld,  &'nilld,  mOr^xId. 

Terminations  in  -Ane,  -ene,  -in«,  and  -one. 

The  vowel  of  these  syllables  is  invariably  long  (as  mft'thAne,  l^th&ne,  na'phtha« 
ISne,  a'nthractoe,  prd'plne,  qui'ndne,  &'cet6ne,  krtdne). 

A  few  dissyllables  have  no  distinct  accent  (as  benzene,  xfline,  cfttSne). 

The  termination  -in«  is  used  onl^  in  the  case  of  doubly  unsaturated  hydrocar« 
bons,  according  to  Hofmann's  groupings  (as  proplne). 

Terminations  in  -in. 
In  names  of  chemical  elements  and  compounds  of  this  class,  which  include  all 
those  formerly  ending  in  -ine  (except  doubly  unsaturated  l^ydrocarbons),  the  final 
•  is  dropped,  and  the  syllable  pronounced  In  (as  chld'iin,  brO'mIn,  etc.,  ft'min, 
&'nilln,  mo'rphin,  qui'nin  (kwl'nin),  vanl'llln,  alloz&'nthin  absi'nithin,  emtl'lsln, 
c&'ffein,  co'cain. 

Terminations  in  -ol. 
This  termination,  in  the  case  of  specific  chemical  compounds,  is  used  ex- 
clusivefy  for  alcohols,  and  when  so  used  is  never  followed  by  a  final  ••    The  last 
syllable  is  pronounced  -61  (as  glfcdl,  ph^'ndl,  cr6's6l,  thy'mdl  (ti),  gljKcerdl, 
quf  ndl.    Exceptions:  ftlcohdl,  a'rgdi. 

Terminations  in  -ole. 
This  termination  is  always  pronounced  -die,  and  its  use  is  limited  to  com* 
pounds  which  are  not  alcohob  (as  I'nd6le). 

Terminations  in  -yl. 
No  final  e  is  used;  the  syllable  is  pronounced  j^l  (as  &'cetj^I,  k'xnfl,  cd'rotfl, 
cTtjFl.  ethfl). 

Terminations  in  -yde. 
The  7  is  k>ng  (as  ft'ldehjUe). 

Terminations  in  -meter. 
The  accent  follows  the  general  rule  (as  hydrd'meter,  barO'meter,  lactA'meter). 
Exceptions:  Words  of  this  class  used  in  the  metric  system  are  regarded  as  compound 
words,  and  each  portion  retains  its  own  accent  (as  cd'ntin^'ter,  miniime''ter, 
kI'lome"ter). 
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Miscellaneous  Words 
which  do  not  fall  under  the  preceding  rules. 

Note  the  spelling:  Albumen,  albuminous,  albuminiferous,  asbestos,  gramme, 
radical. 

Note  the  pronunciation:  A'lkallne,  a'Uoy  (n.  and  v.),  a'llotropy,  a'Uotropism, 
i'somerism,  pd'lymerism,  appari'tus  (sing,  and  plu.),  &'qua  regia,  bary^,  ctoti- 
grade,  co'ncentrated,  crystallln  or  crystalline,  electri/lysis,  liter,  m6'lecuie,  m6- 
Ircular,  nQ'mencl&''ture,  ole'fiant,  vft'lence,  fi'niva'aent,  bl'va'lent,  tri'vi'lent, 
qua'drivft"lent,  tl'trate. 

A  List  of  Words  Whose  Use  Should  be  Avoided  in  Favor  op  thx 
Accompanying  Synonyms. 

For —  Use — 

sodic,  calcic,  zindc,  nickelic,  etc., sodium,  calcium,  zinc,  nickel,  etc. 

chlorid,  etc.,  chlorid,   etc.   (vid,   termination    in    -ic, 

supra), 

arsenetted  hydrogen, arsin. 

antimonetted  hydrogen, stibin. 

phosphoretted  hydrogen, phosphin. 

sulfuretted  hydrogen, hydrogen  sulfid,  etc 

benrlliiun, glucinum. 

niobium, columbium. 

glycerin, glycerol. 

hydroquinone  (and  hydrochinon), quinol. 

pyrocatechin, catechol. 

resorcin,  etc., resordnol,  etc 

mannite, mannitoL 

duldte,  etc., duldtol,  etc.        • 

benzol, benzene, 

toluol,  etc., toluene,  etc. 

thdn, caffein. 

furfurol, _. furfuraldehyde. 

fucusol, fucusaldehyde. 

anisol, mcthyl-phenate. 

phenetol, ethyl-phenate. 

anethol, mcthyl-allyl-phenoL 

alkylogens, alkyl-haloids. 

titer  (n), strength  or  standard. 

titer  ( v), titrate. 

monovalent, univalent. 

divalent, bivalent,  etc. 

quantivalence, valence. 

Fate,  f&t,  ^r,  m£te,  mfit,  pine,  pYn,  marine,  n6te,  ndt,  mdve,  tQbe,  tdb,  rfile. 

'  Primary  accent;  "  secondary  accent.  N.  B. — ^The  accent  follows  the  vowel  of 
the  syllable  upon  which  the  stress  falls,  but  does  not  indicate  the  division  of  the 
word  into  syllables. 


TABLE  OF  WEIGHTS  AND   MEASURES. 

ENGUSH  WEIGHTS. 


TROY  WEIGHT  OR  APOTHECARIES'  WEIGHT  (U.  S.  P.). 

B  5  9 

Otmgfs,  Drackms,  Scruples, 

.  .  .96 an.  .  , 


.12. 


3- 


Grams, 

.  .     ao 

I 


Gramu: 

373.3419' 
31.1035 
3.8879* 


(hmees, 

.  .x6.  . 

I.  . 


AVOIRDUPOIS  WEIGHT. 

Drackms,  Grains, 

.  ,  ,  ,  ,  256  ...........  7000. 

.   .  .  •    «6 437-5 

I 37343 


Grams, 

453-5936 

«.3495 

1.7718 


C. 

GaOom, 
I.  .  • 


APOTHECARIES'  OR  WINE  MEASURE  (U.  S.  P.). 


O. 
Pimis. 

.  .8.  . 
ai. 


ft 

FI,  Oxs, 
.  laS.  . 
.   16.  .  . 

I .  .  . 


ft 
FJ,  Drackms, 

:::'S::: 

.  .  .      8.  .  . 


Mmtms, 

:  is 

I 


ex, 
3785. 
473. 
39.57 
3.70 
0x6 


GmOom. 
I .  •  . 


Pints. 
.  .8.  . 


IMPERIAL  MEASURE. 
Adopted  by  the  British  Pharmacopceim. 
Fl,  Oms,  Fl,  Drackms,  Minims, 

.  .  .  160 laSo ......  76800 

.  .  .   3o 160 9600 

I 8 4B0 

X 60 


4543-5 

V 

0.0D 


METRIC  MEASURES. 

MEASURES  OP  LENGTH. 
X    Millimeter    =  0.001  of  a  meter. 

X    Centimeter    -»  o.oio  of  a  meter. 

X    Decimeter     «■  o.ioo  of  a  meter    >■    about  4  inches. 


Meter 

X  Decameter  » 
X  Hectometer  — 
X    Kilometer     => 


X. 

10. 
100. 
1000. 


X    Mjrriameter  »  10,000. 


Meter 

meters, 
meters, 
meters 
meters 


=    39.37  inches. 


>»    about  H  of  a  mile. 
—    about  6H  miles. 


MEASURES  OP  SURFACE. 
X    Centaire       —  i  square  meter  » 

X    Are  =  xoo  square  meters. 

X    Hectare        —       xo,ooo  square  meters 


"■    about  i|  square  yards. 
—    about  2%  acres. 


MEASURES  OF  VOLUME. 
Cubic  centimeter             »        0.001  of  a  liter. 

Liter  (cubic  decimeter)    —  1000  cubic  centimeters. 

Cubic  meter  =  1000  cubic  decimeters. 

Cubic  meter  »  1000  liters,  or  x  kiloliter. 

Cubic  meter  «         i  stere. 


MEASURES  OF   WEIGHT. 
X    Milligram     »        0.001  of  a  gram    <=    about  A  of  a  grain. 
I    Centigram    —        0.010  of  a  gram. 


X  Decigram     >■  0.100  of  a  gram. 

X  Oram           >-  x.      Oram 

X  Decagram    >■  10.      grams. 

X  Hectogram  >■  100.      grams. 

X  Kilo<gram)  •"  1000.      grams 

I  Tonneau       »  1000.       kilos 


about  xsH  gnUna. 

—    about  a|  pounds. 
>■   abontxtocL 


«7S 
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TABLES  FOR  THE  CORVBRSIOR  OP  WEIORT8  AID  MSA80RE8. 

Based  upon  the  ymltie  39.37  inches  for  the  meter,  mnd  15432.2 
grains  for  the  kilogram. 

The  following  tables  embrace  the  chief  measures  of  length,  wei^t, 
and  capacity,  giving  the  required  equivalents  of  the  nine  units. 
Multiple  numbers  are  found  by  moving  the  decimal  point  to  the  ri^t, 
and  fractbns  by  movmg  it  to  the  left.  Thus,  if,  it  be  desired  to  find 
the  equivalent  of  125  grains  in  miUigrams,  we  proceed  as  follows: 

1  ff,   -=    64.80  mgm.,  and  loo  grs.  then  =  64S0  mgm. 

2  grs.  =  129.6       ^     "      20  "       •*     =  1296     " 
5gn.  =  324         "        "        5   "       "     =    324     " 


125  grains      =  8100  milligrams. 
I  gm.,  the  above  would  be  8.100  gm, 


As  1000  mgm. 

If  it  be  desired  to  find  the  value  of  1.45  gm 
as  foUows: 


m 


grains,  we  proceed 


I  gm.= 

4  gm.  =  61.72  grains 

5gm.  =  77iS     " 


0.4    gm. 
0.0s   " 


Gbaimi.  Mom. 

1  -    64.8 

2  «  129.6 

3  -  194.4 

4  -  259a 

5  -  324.0 

6  -  388.8 

I :  X 

9  -  583.2 


Incrss. 

1  — 

2  — 

3  - 

4  - 

9  - 


Gm. 

311 
62.2 

93-3 


TmoYOx. 

1  — 

2  -• 

3  - 

4  -  "4.4 

5  -  IS5-S 

6  -  186.6 

7  "  "H 

8  -  248.8 

9  -  279-9 
Av.  Oz.      Gm. 

1  -     28.3s 

2  -     56.70 

3  -    85.05 

4  -  113.40 

5  -  141.75 

6  —  170.10 

7  -  198.45 

8  -  226.80 

9  -  255.15 


1  — 

2  — 

3  - 

4  - 

1: 

7  - 

8  - 

9  - 
Minims. 

1  ■■ 

2  — 

3  - 

4  - 

1: 

7  - 

8  - 

9  - 


Mixxi- 

MXTBU. 

25.4 
50^ 
76.2 

IOI.6 
127.0 
152.4 
177.8 
193-2 
228.6 

MXTIBS. 

0.3048 
0.6096 

0.9144 
I.2I92 
1.5240 
1.8288 
2.1336 
24384 
2.7432 

cx:. 
0.0616 
0.1232 
0.1848 
0.2464 
0.3080 
0.3696 
0.4312 
0.4928 
0.5544 


15.43    grains. 
=    6.172      " 
=    0.7715    " 

22.3735  grains. 


CJC. 

29.57 
59.1 


Fl.Oz. 

1  — 

2  -• 

4  -  "8.5 

5  -  147.8 

6  -  177.4 

7  -•  207.0 

8  -  236.5 

9  «  266.1 


cc 

1  — 

2  — 

3  - 

4  - 

5  - 

6  - 


16.2 
3«-4 
48.6 
64^ 
81.0 
97.2 


Pnm. 

1  -• 

2  — 

3  - 

4  - 

5  - 

6  - 

IZ 

9  - 
Gm. 

1  — 

2  — 

3  - 

4  - 

5  -  77.1S 

6  -  92.58 

7  ■-  108.01 

8  -  125.44 

9  -  138.87 


LiTElS. 
0.473 
0.946 
I.4I9 
1.892 

li% 

2.311 
3784 
4.257 

Gkaims. 

30.86 
46.29 

61.72 


7  -  113.4 

8  —  129.6 

9  -  145-8 
Fl. 


DiJuaiHs. 
0.27 

0.54 
0.81 
1.08 

1.35 
1.62 
1.89 
2.16 
2-43 

rL.o«. 

33-8 
67.6 
101.4 
135.2 
169.0 
202.8 

7  -  236.6 

8  —  270.4 

9  -  304.2 


1  — 

2  — 

3  - 

4  - 

5  - 

6  - 

2: 

9  - 
Lmu. 

1  — 

2  -• 

3  - 

4  - 

1: 
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Av. 

Kno- 

Fl. 

POUMDt. 

DiACBIII. 

I    -• 

0.4536 

I    ■■ 

2    -• 

0.9072 

2   — 

3  - 

1.3608 
1.8144 

3  - 

4  - 

4  - 

5  - 

2.2680 

5  - 

6- 

2.7216 

6- 

1: 

3.6228 

1: 

9- 

4.0824 

9  - 

Gn.  per 

f8j  X  0.21< 

cc. 

Kilos. 

Av.Ox. 

Lmss. 

Imchis. 

3-7 

1  — 

2.2 

I  — 

61 

7^ 
ii.i 

2  ■■ 

3  - 

4^ 
6.6 

2  — 

3  - 

122 
183 

14.8 

4  - 

8.8 

4  - 

244 

18.5 

5  - 

II.O 

5  - 

305 

22.2 

6- 

13-2 

6- 

366 

35-9 
29.6 

1: 

17.6 

2: 

til 

33-3 

9  - 

19.8 

9- 

549 

0.2 191  «  grams  per  100  cc,  or  per  cent 
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CENTIGRADE  AND  FAHRENHEIT  SCALE. 

no 

284 
^$ 
ago 

393 
395 
300 

302 
305 
310 

3" 
3x5 
320 
325 

329 
330 
335 

33^ 
340 
345 

347 
350 
355 

f 

365 

374 
39a 


c.« 

F.« 

c* 

¥.• 

c. 

F.» 

€.• 

—40 

—40 

18.3 

8 

IL 

167 

133.2 

—37.2 

—35 

20 

170 

X35 

—35 

—31 

21.1 

70 

r 

175 

137.7 

—34.4 

—30 

23.8 

7$ 

x^^ 

X40 

-31.6 

— a5 

a5 

a 

82.2 

140.S 

—30 

—22 

26.6 

85 

X85 

143.3 

—28.8 

—20 

29.4 

li 

87.7 

X90 

X45 

— 26.1 

-15 

30 

M 

90 

194 

146. 1 

—35 

—  13 

32.a 

90 

90.5 

X95 

148.9 

—33.3 

— >zo 

35 

95 

93.3 

200 

X50 

—20.5 

—5 

37.7 

xoo 

^5 

203 

151.6 

—20 

—4 

40 

104 

96.1 

205 

154.4 

—17.7 

0 

40.5 

X05 

98.8 

210 

X55 

—15 

5 

43-3 

zxo 

zoo 

212 

iS7.« 

— 12.2 

10 

46.1 

"3 

ZOI.6 

215 

z6o 

— XO 

14 

XX5 

104.4 

220 

162.7 

—9.4 

15 

48.8 

X20 

X05 

221 

X65 

—6.6 

20 

50 

122 

107.2 

225 

X 

—5^ 

33 

51.6 

125 

xxo 

230 

-3.8 

25 

54.4 

130 

1 12.8 

235 

X70 

—•I.I 

30 

55 

131 

X15 

339 

171.1 

0 

3a 

^' 

135 

11J.5 
1 18.3 

240 

173.9 

1.6 

35 

140 

245 

X75 

4^ 

40 

67.7 

145 

Z20 

248 

176.6 

5 

41 

f» 

149 

121. 1 

250 

ir 

7.2 

45 

S:| 

150 

"39 

255 

10 

50 

155 

125 

26$ 

182.2 

12.2 
15 

55 

70 

7I.I 

:S 

126.6 
129.4 

X85 
190 

155 

73.8 

165 

130 

266 

200 
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ALPHABETICAL  TABLE  OF  EQUIVALENT 
MEASURES. 

I  Are =  100  iq.  meters  =  119.6  sq.  yards. 

I  BarreHwine) =1.192  hectoliters. 

I  Barrel  (imperial) =  1.635  hectoliters. 

I  Bushel  (dry) =  35.243  liters. 

I  Centimeter =  xiv  m«ter= 0.3937  in. 

I  Cubic  centimeter =  16.2  minims =0.06102  cu.  in. 

I  Cubic  centimeter  of  dist.  water  at  4®  C weighs  I  gram. 

I  Cubic  decimeter  (i  liter)  (1000  c.c.)  of  dist.  water weighs  i  kilogram. 

I  Cntttc  decimeter  (imperial  measure) =61.03  cu.  in.  =0.8804  qt. 

I  Cubic  decimeter  (American  wine  measure)    .   .  =33.8  fluidounces,  or  1.056  qts. 

I  Cubic  foot =  1628  cu.  in.  =28,315.31  c.c 

I  Cubic  foot  of  water  at  62«F.  (I6.60C.) weighs  62.32  lbs.  ay. 

I  Cubic  inch =266  minims  =16. 386  c.  c 

I  Cubic  inch  of  water  at  62<*  F.  (16.6^  C.)  .   .  weighs 252.46  grs.  =  16.372  grams. 

I  Cubic  meter  (I  stere) =  loooliters  =  35.30cn.  ft. 

I  Drachm  (troy) =3.888  gTBms=6o  grains. 

I  Fluidrachm •.... •••  sss  60  minims  =  3.697  cc. 

I  Flnidounce  (imperial) =  28.4  cc.  =  1.7329  cu.  in. 

I  Fluidounce  (wine  measure) =  ^•57  c.c.  =  1.8047  en.  in. 

I  Fluidounce  of  water  f  wine  measure)  at  62^  F weighs  456  grains. 

I  Fluidounce  of  water  Twine  measure)  at  60®  F weighs  29.57  grams. 

I  Fluidounce  of  water  (imperial)  at  62^  F. weighs  437.5  grains. 

I  Foot  (12  inches) =  34.48  centimeters. 

I  Gallon  (imperial) =277.27  cu.  in.  =4.545  liters. 

I  Gallon  (wine) =231  cu.  in.  =3.785  liters. 

I  Gallon  of  water  (imperial) weighs  10  lbs.;  wine,  gallon,  8.34  lbs. 

1  Grain  (troy) =0.0648  gram. 

I  Gram  (weight  of  I  cc.  of  water  at  4*  C,  39.2®  F.)    ,    ,   .   .   =  15.4323  grains. 

1  Inch =2.54centnneteni. 

I  Kilogram =  looo  grams  =  2. 7  lbs.  troy  =12.2046  lbs.  aT. 

I  Liter  (see  cubic  decimeter) =  61.027  cu.  in. 

I  Meter  (one  forty-millionth  of  earth's  meridian) =  39.3708  in. 

I  Micromillimeter 0.001  millhoieter  =  0.000039  iiL 

I  Minim =r  0.0616  cc.     I  minim  of  water  weif^hs  0.95  grain. 

I  Ounce  (troy) =480  gndns  =31.1  grams. 

I  Ounce  (aToirdupois) =437.5  grains  =  28.35  grams 

I  Pint  (imperial) =2oflnidounoes  =  567.93cc 

I  Pint  (wine  measure) ^16  fluidounces  =  473.15  cc 

1  Pound  (troy)       =5760  grains  =  373.24  grams. 

I  Pound  (avoirdupois) =  7000  grains  =:  453.59  grams. 

I  Quart  (imperial),  40  fluidounces =69.32  cu.  in.  =  1.1358  liters. 

I  Quart  (wine  measure),  32  fluidounces =  58.30  cu.  in.  =0.9463  liter. 

I  Ton  (avoirdupois)  .    .   .     =  2000  lbs.  =  29,167  ounces  troy  =907.20  kilograms. 
I  Tonneau  .  ••••••••   =  1,000,000  grams  =  1000  kilos =2204.6  lbs.  &▼. 
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TABLE  OF  SPECIFIC  GRAVITIES  NAMED  IN  THE  U.  S.  PHARMA- 
COPGEIA,  8th  DECENNIAL  REVISION. 


Compiled  by  Dr,  W.  Schroeder,  Jr. 


COKPARKO  WITH  WATH  AT  2^  C.  (77*  F.). 

Acetooum, 0.790 

Addum  aceticum about  x.045 

"  dilutum, about  1.009 

**  "       glaaale, not  above  1.049 

**      hydriodicum  dilutum, about  1. 106 

*'      h7dit4>roinicum  dilutum.. .  .about  x.073 

*      hydrochloricum, aoout  1.158 

*'  "  dilutum,..  about  1.049 

**      hypophosphorosum,  about  1.130 

•*  '^  dihitum, 

about  1.043 

**      lacticum, about  i.>o6 

"      nitricum, about  1.403 

**  "      dihitum, about  1.054 

*•      okicum, about  0.895 

**      phosphoricum about  1.707 

**  "  dihitum, about  1.057 

**      sulphuricum, not  below  1.836 

**  aromaticum,  ..about  0.933 

**  "  dihitum,  about  X.067 

'*      sulphuroaum, not  le«  than  x.098 

.  .  ^  /  about  0.917 

A***** tat  40»C.(io4*F.)  0.904 

iEther, 0.716  to  0.717 

"    aceticua. 0.883100.885 

iEthylis  chloridum at  8*  C.  (46.4°  F.)  0.918 

^^cobol {  at  15^  C.  (6o«  F.)  about  S!8i6 

••       dihitum, 

j  about  o  930 

1 15.6'  C.  (60"  F.)  about  0.036 

AmyUa  nitris, a.865  to  0.875 

Aqua  ammooic, 0.058 

^'  "        fortior. 0.897 

Balgamum  penivianum, i.i^  to  1.150 

Benzaldehydum, about  1.045 

Beiuinum, 0.638  to  0.660 

Bromoformum a.8o8 

Bromum, at  15*  C.  (59°  F.)  a.990  to  3.000 

Camphora. 0.990 

Carbooei  diaulphidnm, 1.256  to  1.357 

Cera  alba, 0.950  to  0.960 

"   flava, 0.951  to  0.960 

C««««-» {«.oo.C.(?,^5V°X 

Chloroformum, not  below  1.476 

Chrytarobinum, .0.930  to  0.922 

Cinnaldehydum, about  1.047 

Copaiba, 0.950  to  0.995 

Creosotum, not  below  ix>73 

Cresol, 1 .032 

Eucalyptol, 0.935 

Eugenol 1.073  to  1.074 

Felboyis, 1.01  <  to  1.035 

Glyoennum, not  leas  than  1.346 

Guaiacol, 1.140 

Hydrargyrum, 13.53s 

lodum^ 4.940 

Limoois  8UCCUS. ix>30  to  1.040 

liquor  fcrri  chWidi 1.315 

^*         ••    subsulphatis, 1.548 


Compared  with  Water  at  35**  C.  (77'  F.). 

liquor  ferri  tenulphatia, 1.432 

fonnaldehydi 1.075101.078 

"     hvdrar^yri  nitimtis, about  3.086 

"      piumbi  subacetads, 1.335 

**     potaatti  hydnuddi, about  xx>46 

•ode  chlorinate, about  x.050 

"     aodii  hydrozidi, about  1.056 

ichloridi, about  x. 548 


MeL... 
M^yfi 


yhs  saficylas, x.i8oto  1.185 

Oleum  adipis, 0.905  to  0.915 

"      cthereum, 0.905 

*  amygdale  amanc, 1.045  to  ix)6o 

*  *•        ezpreMum 0.910100.915 

**      aniii ^*$7^  too.985 

"      aurandi  cortids, 0^42(00.846 

•*     cajuputf, 0.915100.935 

"     carl, 0.905  to  0.915 

•*     caryophyUi, 1.040  to  1.060 

**     chcAopodii, about  0.965  to  0.985 

*'        rtnw^wywwi^ I.O45  tO  I.O55 

**      copaibe, o.895too.905 

**     coriandri, o.863too.878 

••      cubebe, 0.005  to  0.935 

"      erigeronds, 0.845(00.865 

**      eu^ypti,/ 0.905  too.93S 

•*     fatniculi. 0.953  to  0.973 

**      faultheriae, 1.173  to  i.ioo 

**      ROMypii  aeminis, 0.915100.921 

"      nedeonue, 0.930  to  0.935 

"      hiniperi. 0.860  to  0.880 

lavandube  flonun, 0.880  to  0.893 

**      Hmoois, 0.851100.855 

*•      Unl,.. 0.935  too.935 

"      roenthe  piperitc, 0.894100.914 

viridis, 0.914(00.934 

"      nnorrhiue 0.918100.933 

"      rnvrisdoe, 0J63  to  0.910 

**     olive, 0.910  to  0.915 

*'      pids  Kquide, 0.965 

"      pimente, 1.033101.048 

*•     ridni, 0.045  to  0.965 

••     roie, 0.855  to  0.865 

**     rosmarini, 0.894100.913 

**     sabine, 0.903100.933 

"     santaH, 0.965  to  0.975 

*•     saaaafras, 1.065101.075 

**     sinapb  Tolalile, i.oi3toix>3o 

"      lerebinthine, 0J60  to  0.870 

"  *'          recdficalum,  0.860100^65 

"     iheobromatis, 0.970  to  0.976 

*  thymi, 0.900  to  0.930 

*'      tiglii, 0.03s  to  0.950 

Paraffinum from  0.890  to  0.905 

Paraldehydum, 0.090 

Petrolatum, 60*  C.  (140"  F.)  0.820  to  0.850 

"  nquidum, about  0.870  to  0.940 

Phenol  Hquefadum, about  i  .065 

*''*~'**'™»' {at  io»  C.  (so-  F.)  \fxl 

Resina, i  J070  to  i  .080 

Safrolum, 1.105  to  1.106 

Serum  anddiphlhericum, 1.035  to  1^040 
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TABLE  OF  SPECIFIC  GRAVITIES.— C<wrtMi#«i 


Compared  with  Watkk  at  as**  C  (77*  F.)- 

Spiritut  cthcris  nitroii, about  0.893 

"      ammonue, abofiuo.808 

**  **       aromatkus, about  0.900 

(at  15.6*  C  (6o*  F.) 
**      frumenti,  ..<         not  more  thaii  0.945 
(          nor  le«  than  0.094 
initiatis, o.8i4_too.89o 


vini 


Synipus,, 


lu^     (•««5.6»C.(6o«»y.) 
fuila, .  •<  not  more  than  o.\ 

I  not  le«  than  o.^ 


-941 
o-pas 

'••;;.•; aboUt  I.313 

^dhjKlriodlci. about  X.190 

ieni  lodidi, x.349 


COKPAUD  WITH  WaTIK  AT  tS«  C  (77*  F.)l 

Talcum, 9.9  to  3.8 

Toebenum, about  0^50 

Thvmol  /  ^  A  80^  IJO3O 

inyrnol. ...  j^jj^  Kquefied.  Bghter  thanwaS 
Tincturaierri  chloridi, about  x.oo< 

iat  is.<S»  C.  (6o*  F.) 
not  leaf  than  04)90 
not  more  than  x.oxo 
at  is.e»  C.  (6o«  F.). 
not  lev  than  0.989 
not  more  than  ix>xo 

Zinaim. i,^^}^ 


Table  s«>wiiio  ths  Solubility  op  Soke  Chemicals  in  Glycebol.    One 
Hundred  Parts  op  Glycerol  Dissolve  the  Annexed  Quanttties  op 

THE  SUBSTANCES.--(-^'n»r.) 


Parts. 

Arsenous  Oxide, 30.00 

Arsenic  Oxide, 20.00 

Acid,  Benzoic, 10.00 

"    Oxalic, 15.09 

"    Tannic, 50.00 

Alum, 40.00 

Ammonium  Carbonate, 20.00 

"         Chloride, 20.00 

Antimony    and    Potassium    Tar- 
trate,  5-5° 

Atropine, 3.00 

"        Sulphate, 33.00 

Barium  Chloride, 10.00 

Brucine, 2.25 

Cinchonine, 0.50 

"  Sulphate, 6.70 

Copper  Acetate, 10.00 

"    Sulphate, 30.00 

Iron  and  Potassium  Tartrate, 8.00 

"    Lactate, 16.00 

"    Sulphate, 25.00 

Mercuric  Chloride, 7.50 

Iodine, 1.90 

Morphine, 0.45 

"        Acetate, 20.00 


Parts. 

Morphine  Hydrochlorate, 20.00 

Phosphorus, 0.20 

Plumbic  AceUte, 20.00 

Potassium  Arsenate, 50.00 

"         Chlorate, 3.50 

"         Bromide, 25.00 

"         Cyanide, 32.00 

"         Iodide, 40.00 

Quinine, 0.50 

"       Tannate, 0.25 

Sodium  Arsenate, 50.00 

**      Bicarbonate, 8.00 

"      Borate, 60.00 

"      Carbonate, 98.00 

"      Chlorate, 20.00 

Sulphur, 0.10 

Strychnine, 0.25 

"         Nitrate, 4-00 

"        Sulphate, 22.50 

Urea, 50.00 

Veratrine, 1.00 

Zinc  Chloride 50.0c 

"    Iodide, 40.00 

"    Sulphate, 35.00 
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SOLUBILITY  OF  THE  MOST .  IMPORTANT  CHEMICALS  USED  IN 
MEDICINE,  IN  WATER  AND  ALCOHOL. 

E:qibuiAtkm  of  Signs. — s.  *  soluble;  ins.  —  insduble;  sp.  —  sparingly  solu- 
ble; V.  5.  —  very  soluUe;  aim.  —  almost;  dec.  —  decomposed. 


Namb  or  Ciinnrof.. 


One  part  is  soluble  i 

Acetanilid, 

Add,  Arsenous, 

"    Benxofc, 

"    Boric, 

"    Carbolic, 

"    Chromic, 

"    Citric 

"    Gallic 

"    Salicylic, 

"    Tannic, 

' '    Tartaric, 

Agathin, 

Alpbol, 

Alum, 

"     Dry  (Exsiccatum), 

Aluminum  Hydroxide, 

Sulphate, 

Alumnol, 

Ammonium  Benzoate, 

**  Bromide, 

"  Carbonate, 

Chloride, 

**         Iodide, 

Nitrate 

Phoq[)hate, 

«  SaUcylate. 

**  Sulphate, 

Valerate, 

Amylene  Hydrate, 

Analgen, 

Anthrarobin, 

Antimony  and  Potassium  Tartrate, . . . 

Oxide, 

Sulphide, 

AntipYrin, 

*^       Benzoate, 

Antbpasmin, 

Apomorphine  Hjrdrochloride, 

Apyonin, 


Watxi. 


Ats<F, 
ori5*C. 


At  5?;  F., 

or  is^C. 

Grt.pr.fSJ. 


Parts. 

179 
30-80 
281 

as 
30 

V.  s. 

0.7s 
100 

450 
0.34 
0.7 
ins. 
ins. 
10.S 
20 
ins. 
i.a 

8. 
10.5 

1-5 

4 
3 

I 

O.S 

4 
0.9 

x-3 

T.  8. 

ins. 
ins. 
ins. 

17 

aim.  ins. 

ins. 

I 

S.8. 
S. 

6.8 
s.  s. 


2.54 
iS-a-57 

0.9 
18.2 
22.8 

608 

45 
1. 01 
76 
651 


43-4 
22.8 

i^ 

91.2 
304 
114 

456 
912 
114 
50.6 

350.7 


26.8 
456 
67 


Alcohol. 


Ats^F.. 
or  is^C 


Parts. 

10 

Ep. 

3 

15 

V.  s. 

dec. 

I 

4.5 
35 
0.6 

a-5 
s. 

8. 


aim.  ins. 
sp. 
28 

dec. 
'•37 
9 
20 

0.5 
a.3 

sp. 

V.  s. 

5 
sp. 

5 


ins. 

I 

sol. 

ins. 

sol. 


or  is"  C. 

Grt.pr.fSj. 


37-4 

124.6 
24.9 


83.1 
149.6 
623 
149.6 


133 
a.4 

273 
41.5 
18.7 

748 

198.3 


75 
91.2 

374 
7-4 
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SOLUBILITY  OF  THE  MOST  IMPORTANT  CHEMICALS  USED  IN 
MEDICINE,  IN  WATER  AND  ALCOHOL.— Con/winerf. 


Name  or  CifiinrAf.. 


One  part  is  soluble  in — 

Aristol, 

Arsenic  lodkie, 

Asaprol, 

Atropine, 

"        Sulphate, 

Benzanilid,.. i 

Benzonaphthol 

Benzophenoneid, 

Benzosol, 

Betanaphthol, 

Betol, 

Bismuth  Citrate, 

"       and  Ammonium  Citrate, 

**       Subcarbonate, 

"       Subgallate, 

"       Subsalicylate, 

"       Subnitrate, 

Bromacetanilid, 

Bromamid, 

Bromine, 

Bromoform, 

Bromol, 

Caffeine, 

"       Citrated, 

Caffeine-chloral, 

Caffeine-tri-iodide, 

Caldum  Bromide, 

"       Carbonate 

"       Chloride, 

"       Hypophosphite, 

"       Phosphate  (precipitated), 

Camphor,  Monobromatea, 

Cerium  Oxalate, 

Chinolin, 

"         Salicylate, 

"        Tartrate, 

Chloral, 

Chloralamid, 

Chloral-ammonium, » 

Chloralose, 

Chloral  Urethan, 

Chloroform, 


Watek. 


Ats<F. 


Parts, 
ins. 

35 

i.S 
450 

0.4 
ins. 
ins. 
100 
ins. 

950 

ins. 

ins. 

V.  s. 

ins. 

ins. 

ins. 

ins. 

ins. 

ins. 

33 

300 

prac.  ins. 

45 
25 
s. 

ins. 
0.7 
ins. 

1-5 

6.8 

ins. 

aim.  ins. 

ins. 

ins. 

80 

80 

V.  s. 

10 

170 
ins. 
200 


At  59*  F.. 

or  15*  C- 

Gn.  pr.  fSj. 


130.2 

304 

1.01 
1140 


4.6 

o.S 


13.8 

10. 
14 


651.4 

304 
67 


5-7 
5-7 

45-6 

'V.68 

2.28 


AUOOBOL. 


ori5«C 


Parts. 
s.  s. 

10 

3    . 
1.46 

3-7 
60 
sol. 

soL 
0.6 
difficsoL 

ins. 

sp. 

ins. 

ins. 

ins. 

ins. 
diffic.sol. 

s.  s. 

dec. 

V.  s. 

V.  s, 

35 


s. 

I 
ins. 

8 
ins. 
ins. 
V.  s. 
ins. 

sol. 

ISO 
V.  s. 

2-3 

s. 
s. 
s. 


ocis^C 
Grt.  pr.  fBj. 


37-4 
I5» 
3" 
121.6 
6.2 


76. 


10.6 

374 
46.7 

74.8 
"3^ 

187 
(124.6) 


APPENDIX. 


683 


SOLUBILITY  OF  THE  MOST  IMPORTANT  CHEMICALS  USED  IN 
MEDICINE,  IN  WATER  AND  ALCOHOL.— C<wi/»»i««rf. 


Namx  or  Chxmical. 


Watek. 


At  59*  F., 
or  IS*  C. 


w  IS*  C. 
Gn.pr.fBj. 


At. 
or  : 


Alcohol. 


ocii^C. 


At  s<  F. 

Gn.  pr.  f  S  j. 


One  part  is  soluble  in^ 

Cinchoniaine  Sulphate, 

Cinchonine, 

"         Sulphate, 

Cocaine, 

"       Hydrochloride, 

Codeine, 

"       Phosphate, 

"       Sulphate, 

Chalk  (Creta), 

Copper  Acetate, 

"      Sulphate, 

Creolin, 

Creosote, 

"        Carbonate, 

Cresalols, 

Cresol,  Ortho, 

"      MeU, 

"      Para, 

Cresol  Iodide, 

Cresotic  Adds, 

Dermatol, 

Diaphterin, 

Diaphtol, 

Di-iodoform, 

Di-iodo  /3-naphthol , 

Dithiosalicylic  Acid  I, 

"    II, 

Diuretin, 

Dulcin, , 

Elaterium, 

Ethyl-bromide, 

Ethylene  Bromide, 

Euphorin, 

Europhen, 

Exalgin, , 

Ferric  Chloride, , 

"      Citrate, 

"      and  Ammon.  Citrate,. . 

"       Sulphate, 

"       Tartrate,. 

"        '•  Potass.  Tartrate,.. 

"        "  Quinine  Citrate,... 


Parts. 

100 

aim.  ins. 

600 
0.4 
80 
9.a 

ins. 

a.6 

ins. 
ins. 
ins. 

37 
200 

SO 
ins. 
s.  s. 
ins. 

s. 
sp. 
ins. 
ins. 
ins. 
ins. 
V.  s. 
800 
ins. 
ins. 
ins. 
ins. 
ins. 
s.  s. 
V.  s. 

s. 
V.  s. 

3 
V.  s. 
V.  s. 

s. 


4.5 

0.76 
1x40 

5-7 
ao.7 

iS.a 

30-4 
1753 


"•3 
2.28 
9.1 


0.57 


152 


Parts. 

71 

no 

6 

f.6 
V.  s. 
261 

1035 

ins. 

135 

ins. 

s. 

Y.  S. 
S. 

s. 

s. 
s. 
s. 
s. 
s. 
ins. 

8. 
S. 

sp. 
s.  s. 
ins. 
V.  s. 

25 

"5 

s. 


s. 

s. 
V.  s. 
ins. 
ins. 
ins. 
ins. 
ins. 
ins. 


5-« 
3-4 
62.3 

175- 

1.7 
0.4 

2-7 


18.24 
9.9 
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SOLUBILITY  OF  THE  MOST  IMPORTANT  CHEMICALS  USED  IN 
MEDICINE,  IN  WATER  AND  ALCOKOU-^CanHmtisd. 


Name  or  Cbbocal. 


WAxn. 


Atso  F, 


oris**C. 
Gn.pr.f8j. 


Aloosol. 


or  xs*  C. 


A*S<F, 

orxs*C 

Gn-ijr.aj. 


One  part  is  soluble  in — 
Ferric  and  Strychnine  Citrate,.  • 

•*      Hypophosphite, 

"      Lactate, 

"     Oxalate, 

-     Hydrate, 

"     Phosphate, 

"     PyrophospJiate,  ...••.... 

"     Sulphate, 

"      Valerate, 

Fluorescein, 

Formanilid, 

Formaldehyde, 

Gallacetophenone, 

Gallanol, 

Gallobromol, 

Guaiacoly 

"        Carbonate, 

"        CrysUlline, 

"        SaKcylate, 

Hexamethylenamin, 

Homatropine  Hydrobromide,.. 

Hydimcetin, 

Hydrastine, 

Hydronaphthol, 

Hydroqumon, 

Hydroxylamine  Hydrochloride, 

Hyosdnc  Hydrobromide, 

Hyoscyamine  Sulphate, 

Hypnal, 

Hypnone, 

Icnthyol, •••••• 

lodoantipyrin, 

Iodine, 

Iodoform, 

lodol, 

lodophenin, 

Kairw, • 

Lactophenin, 

Lanolin, 

Lime  (Calx), 

Lithium  Benzoate, 


Parts. 
V.  s. 

sp. 

40 

sp. 
ws. 
V.  s. 
V.  s. 

ins. 
s. 
s. 

V.  s. 

500 

aim.  ins. 
12 

inis. 

ins. 
1.5 
5.7 

aim.  ws. 
s.  s. 

S.S. 

I 

i-S 
v.s. 

V.S. 
8.  S. 

ins. 
ins. 
•  •  • 

6 

s. 

ins. 
750 

4 


IM 


aS3-3 


0.9 

38' 
5-3 

9.1 

80 
9.1 


456 
304 

91.2-76* 
(76) 


76 


0.6 
114 


Parts, 
ins. 
ins. 
aim.  ins. 
ins. 
ins. 
ins. 
ins. 
ins. 
v.s. 
•  •  • 

8. 
V.S. 

s. 

8. 
8. 

S. 
Bp. 

S. 

sp. 
10 

3«-5 

s. 

^SS 
s. 

\l 

v.s. 

s. 
s.  s. 

S.S. 

zz 

80 

3 
s. 
20 
s. 

Scat 

(7fC.) 

ins. 


45^ 

14 

33-« 


23.6 
28.5 


Z24.6 
«3- 


4.7 
31.1 
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SOLUBILITY  OF  THE  MOST  IMPORTANT  CHEMICALS  USED  IN 
MEDICINE,  IN  WATER  AND  ALCOROU'-CofUmmd. 


N4MB  or  Cmdocal. 


Watik. 


ori5«C. 


At  so;  Fn 

or  is^C. 

Gn.pr.f8j. 


Alooiol. 


A«  S<  F.. 


ori5*C. 
Gn.pr.fBj. 


One  part  is  soluble  h 

lithhim  Bromide, 

••       Carbonate, 

••       Citrate, 

**       Salicylate, 

Loretin, , 

LoAophan, 

Lycetol, < 

Lysolt 

(ium  Oxide, 
Carbonate, 

"         Sukihate, 

Magnesium  Sulphite, 

Mamkin 

Manganeaium  Dioxide  (Black  Oxide), 

'*  Sulphate, 

Mercuric  Chloride, 

Mercurous  Chloride, 

Mercuric  Cyanide, 

"       Iodide  (Red), 

Mercurous  Iodide  (Green), 

Mercuric  Oxide, 

"       Subsulphate, 

"       Suli)hide  (Red), 

Mercury  Sozoiodol, 

Metaldeh^, 

Methacetm, 

Methylal, 

Methyl  Chloride; 

Methylene  (Blue), 

Chk)ride 

Microddin, 

Monobromphenol, 

Monochlorphenol, 

Morphine, 

"         AceUte, 

Hydrochloride,. 

*'        Sulphate, 

Naphthalene, 

Naphtol, 

Neurodin, 

Oleocreosote, 

Orexin  Hjrdrochloride, 


Parts. 

T.S. 

130 

5-5 

V.  s. 

500 

sp. 

s. 

v.s. 

aim.  ins. 

aim.  ins. 

0.8 

20 

aim.  ins. 

ins. 

0.7 

16 

ins. 

ia.8 

aim.  ins. 

aim.  ins. 

ins. 

ins. 

ins. 

Spo 

ms. 

530 

3, 

4  VOL 
8.  S. 
S.  S. 

3 

sp. 

sp. 

V.  sp. 

12 

24 

24 

1000 

1000 

S.S. 

ins. 
v.s. 


82.9 

•  •  • 
0.9 


22.8 


651^ 
28.5 

35*6 


0.9 

•  •  • 
0.8 


15a 


38 

19 

19 
0.4 
0.4 


Parts, 
v.s. 
ins. 
sp. 
v.s* 
s. 
s. 

v.s. 
ins. 
ins. 
ins. 
ins. 
diffic.sol. 
ins. 
ins. 

3 
ins. 

IS 

ins. 
ins. 
ins. 
ins. 

s. 
s. 

8. 

3SVOI. 

8. 
S. 

•  .  • 

8. 

8. 

100 

68 

63 

702 

s« 

8. 

8.8. 

V.8. 


124 

24.9 
2.8 


3.7 

5-5 
S-9 
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SOLUBILITY  OF  THE  MOST  IMPORTANT  CHEMICALS  USED  IN 
MEDICINE,  IN  WATER  AND  ALCOHOL- 


Namx  or  Chuocal. 


Watkk. 


AtspJF, 
ori5*C. 


oris^C. 
Gib.  pr.  fl  j. 


oris^C. 


or  i5*C 
Gn.pr.flj. 


One  part  is  soluble  in — 

a-Oxvnaphtoic  Add, 

Paraformaldehyde, 

Paraldehyde, 

Pental, 

Phenacedn, 

Phenocoll  Acetate, 

"        Carbonate, 

Hydrochloride, 

"        Salicylate, 

Phenol, 

Phosphorus, 

Physosti^mine  Salicylate, 

Picrotoxine, 

Pilocarpine  Hydrochloride, 

Piperazin^ 

Piperine, 

Plumbic  Acetate, 

"       Carbonate, 

"       Iodide, 

"       Nitrate 

"       Oxide, 

Potassium  Hydroxide, 

"         Acetate, 

**         Bicarbonate, 

*•         Bichromate, 

*•         Bitartrate, 

**         Bromide, 

•*         Carbonate, 

*•         Chlorate, 

*•         Citrate, 

**         Cyanide, 

**         and  Sodium  Tartrate, 

**         Ferrocyanide, 

**         Hypophosphite 

Nitiate,'."*.'".'!!!!!!; 

**         Permanganate, 

**         Sozdodol, 

••         Sulphate 

••         Sulphite, 

•*        Tartrate, 

Pyokunin  Blue  (Methyl-violet),. 


Parts. 

ins. 

s. 

lO 

ins. 
9»5 
.3.5 
ms. 

16 

s. 

20 
ins. 

130 
150 

0-3 
V.  s. 
aim.  ins. 
1.8 
ins. 
2000 
2 
ins. 

0.5 
0.4 

3-2 
10 
2x0 
1.6 

I 

16.5 
0.6 

2 

4 

0.6 

0.8 

4 
20 

50 
9 

4 
0.7 

50 


45-6 

0.49 
130.2 

28.5 
'22.S 

3-5 
30-4 
1520 


0.2 
228 

912 
1 140 

142-5 

45.6 

2.1 

285 
456 
27.6 
760 
228 
182.4 

114 
760 

570 
114 
22.8 
9.12 
50.6 
114 
651.4 
9 


Parts. 
10 
s. 
s. 

y.  s« 
12 


V.  s. 
y.  sp. 

12 

10 
2.3 

30 

8 

ins. 

V.  sp. 

aim.  ms. 

ins. 

2 

aim.  ins. 

ins. 
y.  sp. 
200 

ins. 
V.  sp. 
V.  sp. 

sp. 
aim.  ins. 

ins. 

7-3 
18 
aim.  ins, 
dec. 

h^ 

sp. 

aim.  int. 


37-4 


3« 


31.1 
37-4 


12-4 

46.7 


149.6 


1.8 


51 
20.7 
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SOLUBILITY  OF  THE  MOST  IMPORTANT  CHEMICALS  USED  IN 
MEDICINE,  IN  WATER  AND  ALCOHOU—CanHnised, 


Namx  or  Chemical. 


Watu. 


or  xs'C. 


At  s<  F., 

or  is^C. 

Gn.  pr.  fSj. 


Alcohol. 


ori5«C. 


At  s<  Fn 

orxs'C. 

GiB.iir.fSj. 


One  port  b  soluble  in — 

Pyridin, 

Pyrocatechin, 

Quinidine  Siilphate, 

Quinine, 

"       Bisulphate, 

**       Hydiobromide, 

«•       Hydrochloride, 

•*        Salicylate, 

"       Sulphate, 

"       Valerate..... 

Retop3rrin, 

Reaorcinol, 

Saccharin,./. 

Salacetol, 

Salicylamid, 

Salipyrin, 

SalocoU, 

Salol, 

Salophen, 

Salicin, 

Santonin, 

Silver  Cyanide, 

"     Iodide, 

"     Nitrate, 

"     Nitrate  (fused), 

••     Oxide, 

Sodium  Hydroidde, 

"       AceUte, 

"       Arsenate, 

•*       Benzoate, 

'*       Bicarbonate, 

•'       Bisulphite, 

*•       Borate  (Borax), 

•*       Bromide, 

•*       Carbonate, 

"       Chlorate, 

"       Chloride, 

**       Hypophosphite, . . . . . 

'*       Nitrate,'.'.'."!!!!!!!!! 

"       Phosphate, 

**       Pyrophosphate, 


Parts. 

8. 

100 

1600 

10 

40 

18 

77 
740 
lop 
ins. 
2 
400 
ins. 
250 

8.  8. 

200 

ins. 

ins. 

28 

aim.  ins. 

ins. 

ins. 

0.8 

0.6 

V.  sp. 

1-7 

I 

4 

1.8 
12 

4 
16 

1.7 
1.6 
i.x 
2.8 

I 
0.6 

I' 

12 


4.5 
0.2 

45-^ 
1 1.4 

5-9 
0.6 

4.5 

228 
1.14 

"1*82 

2.28 


16.2 


570 
760 

268.2 

456 

114 

114 
28.5 
268 
»85 
414.S 
162.8 
456 
760 
350-7 

3^ 


Parts. 

I 

8. 

8 
6 

o.6x 

0.6 
no 
6s 

5 

5 

s. 

30 
15 

8. 

8« 
8. 

10 
V.  8. 

30 
40 

ins. 
ins. 
26 

ins. 
y.  8. 

30 
sp. 

45 
ins. 

72 
ins. 

13 

ins. 

40 

aim.  ins. 

1.8 
sp. 
ibs. 
ins. 


374 

46.7 
62.3 
11.6 

680 

760 
39 

74!8 
75 

124.6 
30-4 


37^ 

12.4 
9-3 


17.5 
18.24 


12.4 

"8.3 

5a 

V8.7 

9-3 

12.4 
207 


688 


MEDICAL  CHEMISTRY. 


SOLUBILITY  OF  THE  MOST  IMPORTANT  CHEBHCALS  USED  IN 
MEDICINE,  IN  WATER  AND  AIX:OHOL.—CaHim$ted. 


Namx  or  Chuocal. 


WATBft. 


^^y^'   iGr».|jr.f»j. 


or  is^C 


Ats^F, 

or  iS*C 

Gib.  pi.  fl). 


One  part  it  soluble  in — 
Sodium  Salicylate, 

"      Santoninate, , 

"       Sozoiodol, 

**       Sulphate, 

"       Sulphite, 

"       Sulphocarbolate,  • . . . , 

"       Thiosulphatc, 

Sozal, :... 

Soeoiodol, 

Sparteine  Sulphate, 

Strontium  Bromide, 

Iodide, 

"        Salicylate, 

Strychnine, 

Nitrate, 

"        Sulphate, 

Sugar,  Cane-, 

Sugar,  Milk-, , 

Sulphaminol, , 

Sulphonal, 

Sulphosalicylic  Add, , 

Sulphur, 

Symphorol  L, 

N, 

S, 

Terpin  Hydrate, 

Tetronal, 

Thallin  Sulphate, 

"     Tartrate, 

Thermodin, 

Thioform, 

Thiol, 

Thiophen, 

Thioresorcin, 

Thioftinamin, 

Thiuret, 

Thymacetin, 

Thvmol, 

Tnonal, 

Urethan, 

Uropherin, 

Veratrine, 


Parts. 
1-5 
3 

14 

2.8 

4 

5 

0.35 

s« 

s. 

I.I 

I 

0.5 

i8. 

6700 

4a 

31 

O.S 

7 
10 

450 

8. 

ins. 
s. 

50 
s. 

aoo 

450 

7 

10 

8. 

ins. 

8. 

ins. 

8.  S. 

350 
8.  8. 

laoo 
3*0 

I 

8. 

V.  sp. 


304 
152 

162^ 
114 

91.2 

1303 


414 

456 
912 

253 
0.06 
10.8 
14.7 
912 
65.1 

1. 01 


9.1 

«-3 
1.01 
6S.1 
45-6 


1-3 

0.38 
M 
456 


Parts. 

6 

12 

ii^ 
•P- 
13a 
ins. 


8. 
8. 

66 
no 
120 

60 

y5 

ins. 

s. 

<ss 

S. 

ins. 

aim.  ins. 

aim.  ins. 

aim.  ins. 

10 

t. 

100 


ins. 

8. 

S.8. 
t. 

ins. 

•  •  • 
I 
t. 
0.6 

•  •  • 
3 


62.3 
311 


S.8 


6.1 

2.8 
6.2 
9.1 


5^ 


45.6 

•  •  • 
1.8 


37-4 
6^13 
124.6 


APPENDIX. 


689 


SOLUBILITY  OF  THE  MOST  IMPORTANT  CHEMICALS    USED   IN 
MEDICINE,  IN  WATER  AND  ALCOHOL.—Cofi^fwi^/. 


Nami  or  Chemical. 


Zinc  Acetate, 

"    Bromide, 

"    Carbonate, 

"    Chloride, 

"    Iodide, 

"    Oxide, 

"  Phenolsulphonate,  .. 

"    Phosphide, t 

"    Sozoiodol, 

"   Stearate, 

"    Sulphate, 

"    Valerate, 


Watu. 


At  SQ**  F., 
or  IS  *C. 


or  is'C. 
I  Gn.  pr.  fSj. 


3 
V.  s. 
ins. 
V.  s. 
V.  s. 
ins. 

1-7 
ins. 
ao 
ins. 

0.6 
100 


152 


a68.4 

a3.8 

760* 
4.5 


Alcohol. 


Ats^F., 
or  IS*  C. 


I   Atso'F., 

or  is«  C. 

Grs.  pi.  fSj. 


30 
V.  s. 
ins. 
V.  s. 
V.  s. 
ins. 

1-7 
ins. 

8. 

ins. 
ins. 
40 


a68 


48 


GLOSSARY 

OF  UNUSUAL  CHEMICAL  TERMS. 


ACrnnSM.    The  chemical  effects  of  light 

Anometer.    Hydrometer. 

MrvtfO*    Verdigris.    Impure  subacetate  of  copper. 

iBthiopt.    Black  sulphide  of  mercury.    Hg|S. 

Alabfttttr.    A  light-colored  compact  gypsum.    CaS04. 

Alchemj.    The  Arabic  name  for  chemistiy,  which  formeriy  arose  oat  of  sear^ 

for  the  philosopher's  stone  and  the  elixir  of  life. 
Alembic.    A  form  of  still  or  retort,  used  in  sublimation. 
Alkarrin.    Oxide  of  cakodyl,  or  cacodylic  add.    As(CH,),0,H. 
Alloj.    A  mixture  or  compound  formed  by  fusing  two  or  more  metals  together. 
Amidon*    Starch. 

Ammhoos.    Without  a  definite  cxystalline  form. 
Anhydride,    An  oxide  which  can  combine  with  the  elements  of  water  to  produce 

an  add.    Hence,  an  add  deprived  of  one  or  more  molecules  of  water. 
Anode.    The  +  pole  of  a  yoltaic  circuit 
Apple  Oil.    Valerate  of  amyl 
Aqua  FontuiA.    Tap  water. 
Aqua  FortiB.    Crude  nitric  add. 
Aqua  Phacedsuiica.    Yellow  wash.    Mercuric  hydrate. 
Aqua  Reguu    Nitromuriatic  add. 
Aqua  Vitse.    Brandy. 
A^^lf.    Crude  cream  of  tartar. 

Arrack.    A  spirituous  drink  made  from  the  juice  of  the  cocoanut  tree. 
Auripismentum.    Orpiment    Arsenous  sulphide. 
Ans&u.    The  south  pole  of  a  magnet 
Azote.    (Fr.)    Nitrogen. 
Azotic  Add.    Nitric  add. 

B. 
BALDWIN'S  Phofphorui.    Fused  caldum  nitrate;  possibly  luminous  caldum 

sulphide. 
Balaain  of  Sulphur.       A  solution  of  S.  in  olive  oil. 
Barilla.    The  ashes  of  sea-plants.    Saliola  Soda. 
Basyl.    A  term  applied  to  an  electropodtiye  radical. 
Battery.    An  apparatus  for  the  production  of  electridty  by  chemical  action. 
Baume.    The  name  of  the  inventor  of  a  hydrometer  bearing  this  name. 
Bell  MetaL    An  alloy  of  6  parts  copper  and  a  parts  tin. 
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Bestuchuf 't  Tincture.    An  ethereal  solution  of  Fe,CL. 

Bibron't  Antidote.    A  solution  of  HgCL,  KI,  bromine,  alcohol,  and  water. 

Bittern.  The  mother-liquor  remaining  alter  extracting  NaCl  from  sea-water  by 
evaporation  and  crystallization. 

Black  Aih.    Impure  Na,COy  mixed  with  carbon. 

Black  Drop.    Acetum  opii.    Vinegar  of  opium. 

Black  Flux.  Made  by  igniting  cream  of  tartar  with  one-half  its  weight  of  nhre, 
KNOr    It  contains  carbon  and  K^COg. 

Black  Lead.  Plumbago;  a  native  variety  of  carbon,  used  for  making  lead- 
pencils,  crucibles,  and  stove-polish. 

Black  Salts.    The  ley  of  wood  ashes  evaporated  nearly  to  dryness. 

Black  Wash.    Contains  suboxide  of  merctiry,  Hg,0. 

Bleaching  Powder.  Chloride  of  lime.  A  mixture  of  chloride  and  hypochlorite  of 
calcium. 

Blende.    Native  sulphide  of  zinc    ZnS. 

Blue  Mass.    Pilulse  hydrargyri. 

Blue  Ointment.    Unguentum  hydrargyri. 

Blue  Vitriol,  or  Bluestone.    Sulphate  of  copper. 

Bole.    An  argillaceous  earth. 

Bone-ash.  Impure  Ca^PO^,  from  burning  bones.  Bone-black.  (Charred 
bones.) 

Borax.    Biborate  of  sodium.    Tetraborate  of  sodium*  Na^^Oy. 

Boreal.    The  north  pole  of  a  magnetic  needle. 

Brass.    An  alloy  of  copper  and  zmc. 

Brimstone.    Roll  sulphur. 

British  BariUa.    BUck  ash. 

British  Oum.    Dextrin. 

Bronze.    An  alloy  of  copper  and  tin. 

Brunswick  Oreen.    Oxychloride  of  copper. 

Bunsen  Burner.  A  ^-burner  used  for  the  production  of  heat  It  mixes  the  gu 
and  air  before  burmng  them. 

Burnett's  Disinfecting  Fluid.    Solution  of  ZnCl^ 

Butter  of  Zinc,  Antimony,  or  Bismuth.    Their  chlorides. 

C. 

CALAMINE.    Impure,  native  silicate  of  zinc. 

Calcareous  Spar.    Caldte.    CaCO^ 

Calcedony.    A  native  form  of  SiO*. 

Calcined  Mercury.    Mercuric  oxide.    HgO. 

Calciniog.    Igniting  a  substance  in  the  air,  so  as  to  bum  off  any  oxidlzable  material 

or  to  expel  volatile  products. 
CalomeL    Mercurous  chloride.    Mild  chloride  of  mercury,  Hg^Cl^ 
Caloric.    Old  term  for  heat. 
Calorie.    The  unit  of  heat  used  in  determining  the  heat  of  combination  of  chemical 

compounds. 
Campnene.     Oil  of  turpentine.     Camphene  burning  fluid  is  a  solution  of  tur* 

pentine  in  alcohol. 
Canton's  Phosphorus.    Luminous  CaS,  or  luminous  paint. 
Caput  Mortuum.    The  residue  left  after  ignition  of  FeS04  or  iron  pyrites.    Impure 

Fe,0,. 
Caramel.    Burnt  sugar. 
Carbolic  Acid.    Phenic  add.    PhenoL 
Carburet.    Carbide. 
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Catalyiif  •    The  action  of  a  body  in  promoting  combination  or  decompoaition  l^ 

its  presence,  the  body  itself  remaining  unchanged. 
Cathode.    The  negative  pole  of  a  galvanic  droiit. 
Chalk.    An  amorphous  carbonate  of  lime. 
Chameleon  Mineral.    Permanganate  of  potassium. 
Choke-damp.    Carbonic  anhydride.    CO^ 
Chrome  Oreen.    A  mixture  of  chnnne  yeUow  and  Prussian  blue;  or  sesquiozide 

of  chromium.     Cr^O.. 
Chrome  Vermilion,    bichromate  of  lead.    PbCr,0^ 
Chrome  Yellow.    Chromate  of  lead.    PbCrO« 
Cinnabar.    Native  red  sulphide  of  mercury.    HgS. 
Citrine  Ointment.    Nitrate  of  merciiry  ointment 
Clay.    Impure  silicate  of  aluminum. 
Clay  Ironstone.    A  variety  of  hematite  iron  ore.    Fe^Oy 
Colcothar.    Ferric  oidde.    FcgO,.    Rouge;  crocus. 
Collodion.    Solution  of  gun-cotton  in  alcohol  and  ether. 
Colloids.    Jelly-like  or  non-crystallizable  bodies. 
Colophony,    common  resin,  or  rosin. 
Common  Salt.    Sodium  chloride.    NaCl. 

Condy's  Solution,     Contains  permanganate  of  potassium.    K^n.O. 
Copperas.    Green  vitriol.    Crystallized  ferrous  sulphate.    FeSO^ .  TAq. 
Corrosiye    Sublimate.    Mercuric    chloride.    Bichloride   of   mercury.    HgCl^ 
Cream  of  Tartar.    Add  potassium  tartrate.    HRC^HX),. 
Crocus  of  Antimony,  or  Crocus  Metallorum.    Oxysulphide  of  antimony. 
Crocus  Martis.    Colcothar.    Fe^O,. 

Crystalloids.    Crystallizable  bodies,  as  distinguished  from  colloids.  , 
Crystals  of  Venus.    Copper  acetate.    Cu{C fifi^^ .  H,0, 
Cubic  Nitre.    Sodium  nitrate.    NaNO.. 
Cupellation.    The  process  of  purifying  silver  or  gold  in  a  cupel  or  cup  made  of 

bone-ash.    When  the  alloy  is  strongly  heated  in  the  air,  the  other  metak  oxidize, 

and  the  cupel  absorbs  the  oidde,  leaving  the  pure  silver  or  ( 


D. 

DECAIITATION*    The  process  of  pouring  off  the  clear  liquid  above  a  sediment 

Decoction.    An  extract  of  an  organic  substance,  made  with  boiling  water. 

Decrepitation.    The  crackling  of  certain  salts  when  suddenly  heated. 

Deflagration.  A  rapid  and  scintillating  combustion.  It  takes  place  in  certain 
mixtures  containing  the  nitrates  or  chlorates. 

Deliquescent.  An  adjective  applied  to  those  substances  which  attract  moisture 
from  the  air  and  liquefy. 

Destructiye  Distillation.  Dry  distillation,  conducted  with  the  object  of  destroy- 
ing the  substance  and  producing  new  ones. 

Detonation.  Rapid  chemical  action,  accompanied  by  flame  and  noise.  An 
explosion. 

De  Valaiu^'s  Arsenical  Solution.  A  solution  of  the  chloride.  AsCl,.  Liq. 
Arsen.  fiydrochlor. 

Dew-point.    The  temperature  at  which  the  moisture  of  the  air  begins  to  deposit. 

Dialysis.  The  process  of  the  diffusion  of  liquids  and  solutions  through  mem- 
branes. 

Dimorphous.    Crystallizing  in  two  distinct  systems. 

Displacement.     Expelling  a  fluid  from  a  vessel  by  another  of  different  density. 

Dolomite.    Magnesium  hmestone. 

Donovan's  Solution.    Contains  the  iodides  of  arsenic  and  mercury. 
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Dover's  Powder.    Compound  ipecac  powder;  contains  <^um  (x  gr.  in  lo). 

Drummond  Light.    Calcium  light. 

Dry  Distillation.    The  process  of  subjecting  solid  or  organic  bodies  to  heat,  in  a 

closed  retort. 
Ductile.    Capable  of  being  drawn  into  wire  or  rolled  out  into  sheets. 
Dutch  Gold.    A  species  of  brass,  usually  sold  in  very  thin  leaves  or  sheets. 
Dutch  Liquid.    £thene  dichloride.    CsH^Cl,. 
Dutch  White.    Impure  white  lead. 

E. 
BAIT  D£  JAVELLE,    A  solution  of  chlorinated  potass,  or  potass,  hypochlorite. 

KOCl. 
Educte.    The  proximate  principles  of  which  bodies  were  formerly  supposed  to  be 

formed. 
Effenrescence.    The  rapid  escape  of  gas  from  a  liquid. 
Efflorescence.    The  escape  of  the  water  of  crystallization  and  the  consequent 

crumbling  down  of  a  crystal. 
Electrode.    The  pole  or  wire  forming  a  part  of  a  volatile  circuit. 
Electrolysit.    Decomposition  by  means  of  a  strong  electric  current. 
Element.    A  substance  which  bias  never  been  decomposed. 
Elixir  of  VitrioL    Aromatic  sulphuric  add. 
Elutriation.    The  process  of  separating  the  finer  and  lighter  particles  of  a  powder 

from   the  coarser,  by  suspending  them  in  water  and  pouring  ofiF  the  lighter 

floadns  particles  with  the  water. 
Emerald  Green.    Schweinfurth  green,  or  aceto-arsenite  of  copper.    See  Paris 

Green. 
Emery.    An  impure  corundum.    A1,0,. 

Eosin.    Tetrabromfluoresceine.    A  beautiful,  red,  artificial  coloring  matter. 
Epsom  Salt.    MgS04 .  yAq. 

Eremacausis.    The  slow  decay  of  organic  substances  in  the  air. 
Essence  of  Ifirbane.    Nitrobenzene. 
Essential  Oils.    Volatile  oik. 
Eudiometer.    A  graduated  glass  tube,  closed  at  one  end,  used  for  measuring  gases. 

F. 

FERMENTATION*  A  chemical  change  produced  by  microoiganisms,  or  solu- 
ble ferments. 

Filter.  A  porous  substance  used  to  separate  a  solid  and  a  liquid  by  allowing  the 
latter  to  pass  through,  while  the  former  is  retained. 

Fire-damp.    Light  carburetted  hydrogen  (marsh-gas)  mixed  with  air. 

Fixed  Air.    Choke-damp.    CO,. 

Flint.    An  compact  impure  variety  of  silica.    SiO^ 

Flowers  of  Antimony.    Oxide  of  antimony. 

Flowers  of  Benzoin.     Benzoic  acid. 

Flowers  of  Sulphur.    Sulphur  sublimatum.    U.  S.  P. 

Flowers  of  Zinc.     Oxide  of  zinc.    ZnO. 

Fluorescence.  The  property  possessed  by  certain  bodies,  as  quinine  salts,  of 
rendering  visible  the  ultra-violet  or  chemical  nys  of  the  solar  spectrum. 

Fluor-spar.    Native  calcium  fluoride.    CaF,. 

Flux.     A  material  added  to  ores  in  smelting;  to  form  an  easily  fusible  slag. 

Foliated  Earth  of  Tartar.    RC^,0^    Potassium  acetate. 

Fool's  Gold.     Iron  pyrites. 

Fowler's  Solution.    Solution  of  the  arsenite  of  potassium. 

French  Chalk.    Silicate  of  magnesia.    Soapstone;  talc. 
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Fructose.    Fruit-sugar.    Leyulose. 

Fuchiine.    AniHnered.    Magenta.    C^^^^ 

Fuming  Liquor  of  Libarius.    Sohidon  of  stannic  chloride. 

Fusel  Oil.    Amylic  alcohol. 

Fusible  Calculus.    One  composed  of  a  mixture  of  phosphate  of  lime  and  ammonio- 

magnesium  phosphate. 
Fusiue  Metsl.    Bismuth,  a  parts;  lead,  i  part;  and  tin,  i  port.    Melts  at  about 

aoo**F. 

G. 
GALENA.    Native  lead  sulphide. 

Galvsno-cauterj.    A  surgical  knife  heated  by  galvanic  current* 
Gernum  Silyer.    An  alloy  of  copper,  nickel,  and  zinc. 
Glass.    An  artificial  silicate  of  calcium,  sodium,  iron,  lead,  etc 
Glass  of  Antimony.    Fused  trisulphide  of  antimony.    Sb^S,. 
Glass  of  Borax.    Fused  borax. 
Glauber's  Salt.    Sodium  sulphate. 

Glucose.     Grape-sugar.    Now  made  on  large  scale  from  cornstarch. 
Glucoside.    A  compound  of  glucose  with  an  organic  radical. 
Glyceroles  and  Glycerita.    Simple  glycerol  solutions. 
Goniometer.    An  instrument  for  measuring  the  angles  of  oTstals. 
Goulard's  Extract,  and  Cerate.    Contain  subacetate  of  lead. 
Graphine.    Carbon  deposited  in  gad-retorts. 
Graphite.    Plumbago.    Black  lead. 
Green  Vitriol.    Copperas.    FeSO^ .  7Aq. 
Guano.    A  deposit  of  excrement  of  sea-fowL 
Gypsum.     Calcium  sulphate.    Plaster-of-Paiis. 

H. 
HALOGEN  Elemento.    Haloid  Salt.    The  elements  of  the  chlorine  group  and 

their  binary  compounds. 
Harle's  Solution.    Solution  of  arsenite  of  sodium. 
Hartshorn.    Ammonia. 
Haschisch.    Indian  hemp. 

Hepar  Sulphuris.    Liver  of  sulphur.    Potassium  sulphide. 
Hire  Syrup.    Compound  syrup  of  squills. 
Hoifmamrs  Ano<fyne.     Spirit.  i£ther.  Co.     Ether,  i  pint;    alcohol,  x  pint; 

ethereal  oil,  f  3vj. 
Homberg's  Pvrophyrus.    Made  by  igniting  potassium,  alum,  and  charcoal. 
Homologous  Series.    See  page  296. 
Homologues.    See  page  296. 

Huxham's  Tincture.    Compound  tincture  of  cinchona. 
Hydradd.    A  binary  acid.    Contains  no  oxvgen. 

Hydrate.    A  compound  containing  hydroxy!,  HO,  combined  to  a  positive  radical. 
Hydrochloride.    A  compound  of  HCl,  formed  by  the  union  of  the  whole  molecule 

bv  synthesis;  as  compounds  with  the  alkaloids. 
Hydroxide.    Same  as  a  hydrate. 
Hygrometer.    An  instrument  for  the  determination  of  the  relative  amount  of 

moisture  in  the  air. 

I. 
ICE  Vinegar.    Glacial  acetic  acid. 
Iceland  $ar.    Transparent  native  caldte. 
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Inauidesceiica.    The  dow  of  a  hi^ily  heated  body. 
Indiiermtioii.    The  reductioii  of  a  substance  to  ashes  by  burning. 
InconqMitible.    Inci^Mible  of  being  mixed  without  chemical  change. 
Infmion*     An  extract  of  an  organic  substance,  made  by  pouring  hot  water  opoo  It 

and  allowing  it  to  stand  for  some  hours. 
Inotite.    Muscie-sugar. 
Ion*    A  body  going  to  the  positive  (anode)  or  negative  (cathode)  pole  of  a  galvanic 

battery  during  ekctrolysis. 
Iron  Pyrites.     Native  sulphide  of  iron.    Fool's  gold. 
Tiinj;l<w.    A  variety  of  gelatin,  or  fish-glue,    ^metimes  erroneously  applied  to 

mica. 
iTory  Blkck.    Animal  charcoal,  made  by  distilling  ivoiy  scraps;  is  now  generally 

applied  to  bone-black. 

J. 

JAMBS'S  Powder.    Antimonial  powder. 
apen  Black.    A  varnish  composed  of  asphaltum,  turpentine,  linseed  oil,  and 
umber. 
JesoitB'  Powder.    Powdered  dnchona-bark. 

K. 
KAOLIH.    A  pure  white  clay. 

Kelp.    Ashes  of  seaweeds;  used  as  a  source  of  iodine  and  carbonate  of  sodium. 
Kermet  Mineral.    Sb,0,. 
King's  Yellow.    Orpiment.    As^S,. 
Kyan's  Disinfectant.    Solution  of  HgCl,. 

L. 
LABARRAOUB'S  Disinfecting  Liquid.    Sohition  of  hypochlorite  of  sodium  or 

chlorinated  soda. 
Lac  Stilphuris.    Precipitated  sulphur. 
Lacquer.    A  varnish  used  for  brass,  etc. 
Lacon— Lactose.    Sugar  of  milk. 
Lady  Webster  Pill.    Pill  of  aloes. 
Lake.    An  organic  coloring  matter  precipitated  with  aluminum  hydroxide.    Used 

as  pigments. 
Lampblack.    The  soot  of  burning  turpentine. 
Lana  Philosophica.    Oxide  of  zinc. 
Lapis  Infemaiis.    Lunar  caustic.    AgNO,. 
LauffhingOas.    Nitrous  oxide.    N,0.    Dentists' gas. 
Lead-water.    Diluted  Goulard's  Extract,  containing  subacetate  of  lead. 
Ledoyen's  Disinfecting  Liquid.    Solution  of  nitrate  of  lead. 
Levigation.    The  reduction  of  a  substance  to  an  impalpable  powder  by  rubbing 

on  a  slab  with  a  flat  pestle,  called  a  muller,  with  sufficient  water  to  form  a  paste. 
Lime.    CaO. 

Limestone.    A  native  carbonate  of  lime. 
Litharge.    PbO.    Semivltrified  oxide  of  lead. 
LithicAcid.    Uric  acid. 
Liver  of  Stilphur.    Potass,  sulphuret.    K^. 
Lixiviation.    The  separation  of  the  soluble  portions  of  a  substance  by  causing 

water  to  filter  through  it. 
Loadstone.    The  native  magnetic  oxide  of  iron,  or  magnetite.    A  magnet 
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LugoPt  Solution.    Compound  solution  of  iodine.    Iodine  held  in  solution  by 

LunAr  Caustic.    Nitrate  of  silver.    AgNO,. 

Lute.    An  adhesive  mixture  for  dosing  tht  joints  of  apparatus,  to  prevent  the 
escape  of  vapors,  etc. 


MACERATION.    The  long-continued  soaking  of  a  substance  in  water  at  common 

temperatures. 
Macquer't  Salt.    Potassium  arsenate.  ^ 

Magendie't  Solution.    Morph.  sulphate,  gr.  zvj;  water,  f  S  j* 
Magistery  of  Bismutii.    Subnitrate. 
Magma.    A  pasty  mass. 
Mainesia  Alba.    Magnesium  carbonate. 
Mafieable.     Capable  of  being  worked  under  the  hammer. 
Marble.     Nearly  pure  native  carbonate  of  lime. 
Marine  Acid.    Muriatic  acid.    Hydrochloric  acid.    HCl. 
Martial  iEthiope.     Fefi^,    Magnetic  oxide  of  iron. 
Massicot.     Amorphous  oxide  of  lead.    PbO.    Powdered  litharge. 
Matrass.     A  glass  vessel  with  a  long  neck,  or  a  tube  sealed  at  one  end.    Used  for 

heating  dry  substances. 
Menstruum.    A  solvent,  or  medium  of  chemical  reaction. 
Mercaptan.    An  alcohol  in  which  O  is  replaced  by  sulphur. 
Metalloid.    Non-metal. 
Metameric  Bodies.    The  same  as  isomeric. 
Microcosmic  Salt.    NaNH^HPO^. 
Milk  of  Lime.    Whitewash. 
Milk  of  Sulphur.     Precipitated  sulphur. 
Mineral  Water.    Water  charged  with  carbonic  acid;  also  natural  water  holding 

medicinal  substances  in  solution. 
Mineral  Yellow.    Oxychloride  of  lead. 
Minium.     Red  oxide  of  lead.    2PbO  .  PbCL. 
Molecule.     A  collection  of  atoms  held  together  by  chemism. 
Monsel's  Salt.     Subsulphate  of  iron. 
Mordant.    A  substance  used  to  fix  colors  on  fabrics. 
Mosaic  Gold.    Brass. 

Mountain  Bhie.    Azurite.    Native  basic  carbonate  of  copper. 
Mountain  Green.    Malachite.    A  native  basic  carbonate  of  copper. 
Mulberry  Calculus.    Calcium  oxalate.    CaC^O^. 
Muriate.    A  chloride. 
Muriatic  Add.    Hydrochloric  acid. 


N. 

NAPHTBA.    A  light  hydrocarbon  obtained  from  petroleum,  and  boiling  at  about 

So*'  to  io5*»  C. 
Natron.    Native  carbonate  of  sodium. 

Keutral.    Without  action  on  test-^per.    Neither  add  nor  alkaline. 
Neutral  Mixture.    Solution  of  citrate  of  potassium, 
mtre.    Saltpeter.    KNO,. 
Normal  Salt.    Neither  add  nor  basic. 
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o. 

OBSIDIAN.    Vokanic  glass. 

Ochne.    A  native  mixture  of  clay  and  ferric  oxide,  used  as  a  paint 

Oil  of  VitrioL     H^O^.    Sulphuric  add. 

Oil  of  Wine.    Ethyl-sulphate.    (C^^jSO.. 

Oreide*    A  species  of  brass  resembling  gold,  and  used  for  jewelry. 

Orpiment.    Arsenous  sulphide.     As,S,. 

Ortho-acid.    An  add  in  which  each  bond  of  the  kernel  is  united  to  hjrdiozyL 

(OH.) 
Osmosis.    The  diffusion  of  liquids  through  porous  septa.    See  Dialysis. 
Oz-Acid.    A  ternary  acid  containing  oxygen. 


PACKF0N6.    A  variety  of  German  silver. 

Paris  Green.    Impure  Schweinfurth  green.    Aceto-arsenite  of  copper. 

Particle.    A  minute  portion  of  matter. 

Pearl  Ash.    Impure  carbonate  of  potassium. 

Pearl  Powder.    Subnitrate,  or  oxychloride  of  bismuth.    (BiONO^  or  BiOCL) 

Pearl  White.    BiONO„  or  BiOCl. 

Pearson's  Salt.    Arsenate  of  sodium.    Na,AsO.. 

Pewter.  An  alloy  of  variable  composition.  Usually  composed  of  tin,  lead, 
and  antimonv,  or  zinc. 

Pinchbeck  Gold.    A  species  of  brass. 

Plaster-of-Paris.    Calcium  sulphate.    Caldned  eyi>sum. 

natinum  Black,  and  Sponge.    Finely  divided  platinum. 

Plumbago.    Native  carbon.     Graphite. 

Potash.    Impure  carbonate  of  potassium. 

Potassa.    Oxide  or  hydroxide  of  potassium. 

Powder  of  Algaroth.    Oxychlonde  of  antimony. 

Precipitate.  An  insoluble  substance  formed  on  bringing  two  or  more  substances 
toother  in  solution. 

Preapitatum  Per  Se.  Mercuric  oxide.  HgO.  Made  by  heating  mercuiy  to 
near  its  boihng  point  until  it  oxidizes. 

Preston  Salts.    Carbonate  of  ammonia,  flavored  with  some  essential  oiL 

Prussian  Blue.    Ferric  ferrocyanide. 

Prussic  Add.    Hydrocyanic  add. 

Pseudomorph.    A  mineral  crystallized  in  the  form  that  belongs  to  another  mineral. 

Puce-ozide  of  Lead.     Lead  peroxide,  or  brown  oxide. 

Purgative  Mineral  Water.    Liq.  magnes.  dtrat. 

Ptuple  of  Cassius.  A  pigment  produced  by  treating  chloride  of  gold  with  a  solu- 
tion of  stannous  chloride. 

Putty.    Composed  of  whiting  and  linseed  oil. 

Putty  Powder.    Stannic  oxide. 

Pyrites.    Native  sulphide  of  iron. 

Pyrozilic  Spirit.    Wood-alcohol.    Methyl-alcohol. 

I^rozylin.    Gun-cotton.    Trinitrocellulose. 

Q 

QUAHTIVALENCB.    Quantity  of  combining  power;   applied  to  atoms.    (See 

Equivalence.) 
Ouartz.  SiOr 
QueTenne's  Iron.    Ferrum  redactum. 
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Ooicklima.    Caustic  lime.    CaO. 
QuicksitYer.    Mercury. 


RADICAL*    An  atom,  or  group  of  atoms,  forming  the  basis  of  a  series  of  com- 
pounds. 
lUdical  ^Hnegar.    Glacial  acetic  acid. 
Realcar.    Red  sulphide  of  arsenic. 
Red  Fred^tate.    Red  oxide  of  mercury.    HgO. 
Red  Prnssiate  of  Potash.    Ferricyanide  of  potassium. 
Red  Tartar.    Argol- 

Regttlus  of  Antimony.    Metallic  antimony. 
Roche,  and  Roman  Alums.    Varieties  of  potassium  9hfnu 
Rochelle  Salt.    Tartrate  of  potassium  and  sodium. 
Rock  CrrstaL    Quartz.    SiO^ 
Roman  X^triol.    Sulphate  of  copper.    CuSO^. 
Rouge.    Ferric  oxide  in  fine  powder.    Fe^O,. 
Rttby.    Native  ALOy  of  a  beautiful  red  color. 
Rust.    Ferric  oxide;  generally  containing  some  ferric  hydrate. 

S. 
SACCHARUM  Sattnrni.    Acetate  of  lead. 
Safety  Lamp.    A  lamp  inclosed  in  wire  gauze  to  prevent  ignition  of  explosive 

gases  in  nunes,  cellars,  etc. 
Sal  JEratUi.     Potassium  bicarbonate. 
Sal  Alembroth.    Double  chloride  of  mercury  and  ammonium. 
Sal  Ammoniac    Ammonium  chloride. 
Sal  Diureticua.     Potassium  acetate. 
Sal  Enixum.     Potassium  bisulphate. 
SalMirabile.    Sodium  sulphate. 
Sal  Perlatum.    Sodium  phosphate. 
Sal  Pnmelle.     Fused  nitre.    KNO,. 
Sal  Volatile.    Ammonium  carbonate. 
Salt  of  Lemon  and  Salt  of  Sorrel.    Potassium  binoxalate. 
Salt  of  Phoaphonis.    Microcosmic  salt. 
Salt  of  Saturn*    AceUte  of  lead. 
Salt  of  Tartar.     Pure  potassium  carbonate. 
Saltpeter.    Potassium  nitrate. 
Sapphire.    A  native  form  of  Al,Op  of  a  blue  color. 
Scneele'i  Green.    Arsenite  of  copper. 
Schlippe'i  Salt.    Sodium  sulphantimoniate.    Na^bS^. 
Schwemfurth  Green.    Copper  aceto-arsenite. 
Seidlitz  Powder.    A  mixture  of  sodium  bicarbonate  and  Rochelle  salt  in  one  paper 

and  tartaric  acid  in  another. 
Seignette'8  Salt.    RocheUe  salt,  KNaC^H^O.. 
Sienna.    A  native  red  pigment.    An  impure  oxide  of  iron. 
Sizing.    A  gelatinous  mixture  put  Into  paper  or  cloth,  to  fill  up  the  pores. 
Slag.    The  fused  impurities  from  smelting  of  ores. 
Smalt.    Glass  colored  blue  by  oxide  of  cobalt  and  powdered. 
Smelting.    The  process  of  recovering  the  metals  nom  their  ores. 
Soapetone.    Talc. 
Soda-aah.    Crude  sodium  carbonate. 
Soda-ialtpeter.    Sodium  nitrate.    NaNO^ 
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Soda-water.    Water  artificially  charged  with  CO^  under  preiiUfc. 

Solder.    An  alloy  of  tin  and  kad. 

Soluble  GlaM.    See  Water  Glass. 

Soluble  Tartar.    Neutral  potassium  tartrate. 

Specttlmii  MetaL    An  alloy  of  copper  and  tin. 

SpeiM.    Impure,  fused  nickel  arsenide. 

^elter.    Commercial  zinc 

SpermacetL    A  fat  obtained  from  the  sperm  whale. 

Smrit  of  Hartihom.    Spirit  of  ammonia.    Solution  of  ammonia  in  akolioL 

^lirit  of  Minderemt.    Solution  of  aounonium  acetate. 

Spirit  of  Nitre.    Nitric  add. 

$irit  of  Salt.    Muriatic  add. 

$irit  of  Wine.    Alcohol 

Steinbuhl  Yellow.    Btfrium  chromate.    BaCrO^. 

Sobetitatioii*    The  displacement  of  an  atom  in  a  nwlccute  by  another  atom  of  a 

di£Ferent  kind. 
Suffer  of  Lead.    Lead  acetate. 
Snqdiuret.    Sulphide. 
Sulphuric  JBther.    Ethylic  ether.    CHuO. 
Soqkhur  Viimiii.    Impure  sulphur.    Horse-brimstone. 

T. 
TALMI  Gold.    An  alloy  of  copper  and  aluminum. 
Tartar  Emetic.    Antimony!  potassium  tartrate. 
Tasteleit  Purging  Salt.    Sodium  phosphate. 
Tlienard't  Blue.    A  compound  of  the  oxides  of  aluminum  and  cobalt. 
TincaL    Native  borax.    Na^^O,. 

Tincture.    A  solution  in  alcohol.    When  in  ether  it  is  called  an  ethereal  tincture. 
Tombac.    A  kind  of  brass. 
Toumeeol.    Litmus. 
Trituration.    Rubbing  in  a  mortar. 
Trona.    Native  sodium  carbonate. 
Tully's  Powder.     Compound  morphine  powder. 
Tumbull't  Blue.     Ferrous  ferricyanide. 
Turner's  Cerate.     Calamine  cerate. 
Turner's  Yellow.    Lead  oxychloride. 
Turpeth  MineraL    Yellow  sulphate  of  merouy. 
Tutiy.    Impure  zinc  oxide. 
Type-metal.    An  alloy  of  lead  and  antimony. 

U. 
ULTRAICARDIB.    Lapis-lazuli.    A  compound  of  aluminum   sodium   silicate 

with  sodium  sulphide.    A  beautiful  blue  pigment    It  is  now  prepared  artificially^ 

as  well  as  green,  red,  and  violet  varieties. 
Umber.    A  native  silicate  of  aluminum,  with  oxides  of  iron  and  manganese.    Used 

as  a  brown  paint. 

V. 
VALENCE  of  Atoms.    Quantity  of  combining  power. 
Vallet's  Mass.    FeCO,  made  into  a  pill-mass. 
Varec.    Kelp.    Ash  of  seaweeds. 
Verd  Antique.    Predous  serpentine. 
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Verdigris.    Impure  copper  subacetate. 
Verditer.    Basic  copper  carbonate. 
Vermilioii.    Artificial  merciiric  sulphide.    HgS. 
Vitriolic  Add.    Sulphiuic  add. 

W. 
WATER  Glass.    Soluble  glass.    Sodium  silicate. 
White  Arslmic.    Arsenous  oxide. 
White  Lead.    A  basic  lead  carbomite. 
White  Precipitate.    Ammoniated  mercury.    Mercur-amidogen  chloride.    NH,- 

HgCL 
White  ^triol.    Zinc  sulphate. 

Whiting.     Prepared  chalk.    CaCO^    White  day,  often  sold  for  whiting. 
Wood-inphtha  and  Wood-spirit.    Methyl-alcohol. 
Wood-Tinegar.    Pyroligneous  acid.    Impure  acetic  add. 

Y. 
TELLOW  Pmssiate  of  Potash.    Potassium  ferrocyanide. 
Yellow  Wadi.    Made  by  adding  corrosive  sublimate  to  lime-water.    It  forms 
mercuric  oxide. 

Z. 
ZAFFRE.    Impure  cobalt  oxide. 
Zinc  White.    Zinc  oxide.    Used  as  a  paint 
Z3rmosis«    The  peculiar  action  caused  by  a  ferment  or  enxyme. 
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Abwn,477 

AbsQiption  spectra,  ^9,  388 

Acetaf,  369 

Acetamid,  399 

Acetanilld,  435 

Acetol  salicylate,  431 

Acetone,  3^0,  641 

detection,  64a 
Acetonuria,  642 
Acetophenone,  435 
Acetozone,  388 
Acetphen^rain,  436 
Acetylenes,  307 
Acetylid,  ^00 

disodium,  308 

monosodium,  308 

silver,  308 
Acid,  85 

abietic,  452 

acetic,  373 

glacial,  374 

aceto-acetic,  641 

aconitic,  386 

albumin,  491 

amino-acetic,  402,  487 

aminocaproic,  404 

aminoformic,  401 

aminogiutaric,  405 

amino-  hydroxyphenyl  -  propionic, 
404 

amino-propionic,  487 

amino-sucdnamic,  405 

amino-sulpho-lactic,  406 

ammonium  carbonate,  231       • 

antimonic,  182 

antimonous,  182 

arable,  340 

arsenic,  174,  272 

arsenous,  173,  514 

aspartic,  405,  487,  488 

benzamidac^c,  402 

benzene-sulphonic,  432 

benzoic,  427 

beta-hydroxybutyric,  641 


Add,  binaiT,  88 
bismuthic,  184 
boric,  266 
bromic,  137 
butyric,  375 
caffetannic,  484 
camphoric,  449 

capnc»  373 
caproic,  373 
caprylic,  373 
carbamic,  401 
carbazotic,  415 
carbolic,  413 
carbonic,  196 
caseanic,  487 
caseinic,  487 
catechutannic,  484 
chloric,  137 
chlorous,  137 
cholic,  406 
chromic,  271 

chrondroltm  sulphuric,  498 
dnnamic,  425,  429 
dtric,  385 

cresol-sulphuric,  440 
cresotic,  429 
cyanic,  200 
deztrotartaric,  384 
diacetic,  641 
dichloracetic,  374 
dimethyl-uric,  444 
dithionic,  142 
ethylene  lactic,  380 
ethylidine  lactic,  380 
ethyl-sulphonic,  391 
ethyl-sulphuric,  343,  346 
eugenic,  418 
ezcretolic,  588 
formic,  3711 
fumaric,  304 
gaduic,  354 
galactonic,  326 
gallic,  429 
gallotannic,  484 
gluconic,  326 
glutamic,  487,  488 
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Add,  glycero(rfio8|^ioric,  3^4 
glycerosulphuric,  $24 
glycocholic,  406 
g^colk,  379 
glycuronky  641 
nippuric,  403,  657 
hycirazoic,  156 
hydriodic,  117 
l^drobromk,  115 
hydrochloric,  iii 

estimation,  1C76 
hydrocyanic,  198,  516 
hydro^oric,  108 
hydronitric,  156 
hydrosulphuric,  140 
hydrozy-toluic,  429 
hydrozybenzoic,  438 
hydrozybut3rric,  641 
hydroxy-propionic,  380 
h3rpobromou8,  137 
hyi>ochlorou8,  136 
hyponitrous,  156 
hypophosphorous,  167 
hyposulphurous,  143 
inooxyl^lycuronic,  440 
indozyl-tulphuric,  440 
iodic,  137 
i8obut3rric,  376 
kinotannic,  484 
lactic,  380,  381,  535 
tests  for,  381,  576 

lithic,  443 
maleic,  384 
nuilic,  383 
malonic,  379,  387 
mannonic,  335 
manosaccharic,  335 
margaric,  378 
meconic,  386 
mesotartaric,  384 
metaboric,  366 
metantimonic,  183 
metaphosphoric,  170 
metatartaric,  385 
mon-amino,  487 
mucic,  326 
muriatic,  in 
nitric,  156,  160 

himinff,  161 

physiological  efifects, 
tests  for,  163 

in  air,  151 
nitrohydrochloric,  113 
^itiomuriatic,  X13 


163 


Acid,  nitrosQ-nitric,  161 
nitrous,  156,  159 

in  air,  151 
nndeic,  497 
oleic,  378 

orthophosphoiic,  16S 
oithosulphuric,  145 
osmic,  384 
oxalic,  383,  631 
oxaluric,  406 
palmitic  377 
paiabanic,  405 
pectic,  341 
pentathionic,  143 
perbromic,  137 
perchloric,  137 
persulphuric,  146 
phenic,  41 1 
phenolsulphonic,  433 
phenobulphuric,  440 
phosphomolybdic»  373,  45S 
phosphoric,  167 

glacial,  170 
phosphorous,  167 
phosphotungstk,  372 
phthalic,  430 
picric,  415 
piperic,  455 
plumbic,  3o6 
potassium  carbonate^  226 

sulphate,  336 
propiomc,  330 
prussic,  516 
pyroantimonic,  183 
pyrogallic,  435 
pyrophosphonc,  167 
pyrophosphate,  3x8 
pyrosulphuriCf  143, 146 
pyrotartaric,  385 
quercitannic,  484 
quinic,  484 
quinotannic,  484 
racemic,  384 
saccharic,  336 
salicylic,  438 
salicylsulphonic,  433 
silicic,  202 

sodiimi  carbonate,  317 
sodium  sulphate,  315 
stearic,  377 
succinic,  tS$ 
sulphocarbonic,  197 
sulphonlc,  amido-etnyl-,  406 
sulphuric,  128,  144 
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Add,  sulphuric,  fuming,  146 

Nordhausen,  144,  378 

sulphurous,  14a 

sylvic,  452 

tannic,  4S4,  487 

tartaric,  ^84 

tauiochoBc,  407 

tetraboric,  266 

tetrathionic,  14a 

thiosulphuric,  143 

trichloracetic,  366 

trihydrozybenzoic,  4^9 

trithionic,  143 

tropic,  466 

tungstic,  372 

uric,  443,  629,  669 
detection  of,  629 

valeric,  376 
Addity  of  gastric  contents*  576 

of  \irine,  620 
Add-protein,  ^04 
Adds,  aliphatic,  372 

amic,  398,  401 

amido-,  398,  402 

amino-,  402 

aromatic,  427 

atomidty  of,  372 

basidty  of,  86,  373 

biliary,  406,  644 
tests,  407 

binaij,  88 

defimtion,  85,  371 

di-amino,  487 

dibasic,  372 

fatty,  372 

mineral,  5x3 

mon-amino,  4^7 

monatomic,  373 

monobasic,  372 

nuddc,  497 

omnk,  372,  576,  578 

sulphonic,  391,  433 

thio-arsenous,  174 

thionic,  143 

tribasic,  373 

vegetable,  513 
Aconitine,  473 
Acridin,  453 
Acrolein,  350 
Acrose,  331 
Actinic  rays,  30 
Actinism,  30 
Actinium,  73 

46 


Addition  products,  300 
Adenin,  443,  480 
Adhesion,  5 
Adipocere,  377 
Adracanthin,  341 
Agglutinins,  479 
Air,  148 

gases  in,  151 

uquid,  150 
Alabandite,  273 
Alanin,  487,  488 
Albumin,  egg,  492 

estimation  of,  in  urine,  638 

serum-,  491 

tests  for,  632 

vej;etable,  492 
Albuminates,  503 
Albuminoids,  490,  493 
Albuminometer  (Esbach's),  635 
Albumins,  add,  504 

alkali,  504 

native,  490 
Albuminuria,  accidental,  636 
Albumoses,  504,  S3o»  594,  634 
Alcohol,  absolute,  310 

estimation  o^  318 

amyl,  321 

aromatic,  424 

ben^lic,  434 

butyl,  320 

ceryl,  322 

cetyl,  333 

dnnamyl,  434 

commercial,  317 

common,  316 

ethyl,  316 

ethylene,  333 

heptyl,  315 

hexyl,  3x5 

isopropvl^  330 

melissyl,  322 

menthvl,  449 

methyl,  316 

octyl,  3x5 

phenvl,  4x3 

physiological  action,  3x7 

propyl,  320 

salicylic,  424 
Alcohols,  aldehyde,  336 

aromatic,  424 

diatomic,  3x3,  333 

hexatomic,  325 

ketone,  326,  370 
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Alcohob,  moaatamic,  314 
pentatomic,  325 

Prinuuy,  313 
Mcondaiy,  313 
Uble<rf,3i5 
tertiary,  314 
t^nUomic,  335 

Aldehyde,  ac^  365 

dnnamic,  42$ 

aimm^t42S 

ethyl  or  acetic,  365 

form-,  364 

propionic,  330 

salicylic,  425 

trichlor-,  366 

▼aniUic,425 
Aldehydes,  363 
Aldoses,  339 
Ale,  319 

Algaroth,  powder  d,  181 
Aldn.  341 
Alizarin,  411,  437 
Alkali,  volatile,  155 
Alkali-albumin,  504 
Alkali-proteins,  504 
Alkaline  earths,  metals  oL  94* 
Alkaloids,  456 

cadaveric,  474 

color-reactions,  459,  460 

isoquinolin  group  o^  470 

natural,  456 

nomenclature,  457 

properties,  457 

purin  group  of,  473 

putrefactive,  474 

pyridin  group  of,  463 

quinolin  noup  of,  468   . 

reagents  for,  458 

separation  of,  459 

table  of,  460, 464 
Allantoin,  406 
Allotropism,  no,  133 
AUotropy,  113    . 
Alloxan,  406 
Alloxuric  bodies,  441 
Alpha-naphthol,  419 
Alphozone,  380 
Alum,  ammomum,  368 

burnt,  368 

chrome,  369 

ferric,  369 


Alum,  manganese,  368 

potassium,  368 
Alumina,  368 
Ahiminates,  367 
Ahiminite,  368 
Aluminum,  367 

and  ammonium  ^^ipKitfj  96S 

bronze,  367 

chloride,  267 

hydroxide,  368 

naphthol-disulphonatr,  433 

oxide,  367 

sulphate,  368 
Ahunnol,  433 
Amalgam,  359 
Amalgamation,  53 
Amber,  453 
Ameth3r8t,  301 
Amidogea,  399,  399 
Amids,  398,  399 

clasufication  of,  398 
Amins,  395 

aromatic,  434 

classification  of,  395 

preparation,  395 

primary,  395 

secondary,  395 

tertiary,  395 
Ammonia,  133,  151,  154,  488 

action  on  economy,  333 

composition,  15^ 

estimation  in  uime,  643 

-liquor,  191 

tests,  155 
Ammoniacum,  453 
Ammonias,  alddiyde,  363 
Ammonio-ferrous  sulphate,  378 
Ammonio-magnesium  phosphate,  S54, 

620,  655 
Ammonium,  230 

acetate,  233 

bases,  395 

benzoate,  333,  438 

bromide,  330 

carbamate,  331,  401 

carbonate,  23 1,-  528 
neutral,  331 

chloride,  330 

compounds,  230 

hydroxide,  2ti 

ichthyol-sulphonate^  433 

iodide,  231 

molybdate,  271 

munate^  330 
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Ammonium  nitrate,  331 

phosphate,  232 

purpurate,  406 

salicylate,  232 

salts,  132 

sesquicarbonate,  231 

sulphate,  232 

sulphide,  232 

sulphocyanate,  232 

sulphydrate,  151,  232,  258 

urate,  629,  665,  666 

valerate,  232 
Ampere,  47 

international,  48 
Ampere's  law,  12,  73 
Amperemeter,  49 
Amphicreatinin,  481 
AmygdaHn,  199,  424,  481 
Amyl-acetate,  347 

•alcohol,  321 

nitrate,  348 

nitrite,  348 
Amylene  hydrate,  322 
Amyloid  matter,  495 
Amylopsin,  534 
Amylum,  335 
Analgen,  456 
Analysis,  proximate,  523 

tozicologicaly  175 
Anesthetics,  516 
Anglesite,  207 
Ai£ydride,  86 

acetic,  388 

bone,  266 

carbonic,  193 

h3rpochlorous,  136 

mol^bdic,  271 

nitnc,  156 

nitrous,  156 

persulphuric,  14a 

phthauc,  430 

plumbic,  206 

silicic,  201 

sulphuric,  144 

sulphurous,  142 
Anhydrides,  86,  388 
Ajihydrite,  246 
Anilids,  435 
Anilin,  434 

colors,  434 

derivatives,  434 
dimethyl-,  434 
methyl-,  434 


Anilin  tests,  437 
Animal  body,  519 

cell,  529 

nutrition,  542 

synthesis,  523 
Anions  59,  77 
Annatto,  507 
Anode,  55 

Anthracene,  192,  41  z 
Anthracite,  189 
Anthraquinone,  411,  427 
Anthrarobin,  427 
Antiarin,  482 
►  Antidote,  510 
Antifebrin,  435 
Antimony,  180 

and  potassium  tartrate,  183 

butter  of,  181,  514 

chloride,  181,  514 

crocus  of,  181 

glass  of,  181 . 

hydride,  180 

oxide,  182,  514 

oxychloride,  181 

pentachloride,  181 

pentasulphide,  182 

pentoxide,  182 

physiological  action  oi,  183 

protochloride,  181 

sulphate,  182 

sulphide,  182 

tartrated,  228 

tetroxide,  182     ^ 

trichloride,  181 

trioxide,  182 

trisulphide,  181 

vermilion,  182 

wine  of,  514 
Antipynn,  436 
Antiseptics,  152,  539 
Antitoxin,  479 

diphtheritic^  480 
Apatite,  246 
Apomorphine,  471 

hydirochloride,  471 
Appendix,  670 
Aqua,  134 

anmionis,  155 
fortior,  155 

anisi,  135 

destillata,  134 

fortis,  160 

hydrogenii  dioxidi,  135 
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Aqua  regia,  i6x 
Arabic,  gum,  340 
Arabinote,  327,  340 
Arbutin,  48a 
Archil,  431 
Argentum,  237 
Aiginin,  405»  4*7 
Ar^l,  384 
Argon*  106 
Argytol,  240 
Amidn,  45 1 
Aristol,  418 
Armature,  38 
Aromatic  aldehydes,  434 
Arsenic,  170,  514 

disulphide,  174 

dimethyl,  172 

fluoride,  172 

iodide,  z8i 

oxides,  173 

pentasulphide,  174 

poisonins,  175 

tribromide,  172 

trichloride,  172 

white,  514 
Arsin,  171 
Artesian  wells,  129 
Asafetida,  45> 
Asaprol,  433 
Asbestos,  252 
Asepsis,  152 
Aseptol,  432 
Asparagin,  405 
Asphaltum,  192 
Asselin,  354 
Assimilation  521,  544 
Atmosphere,  148 
Atomic  weight,  76 
Atomicity  of  adds,  372 

of  molecules,  75 
Atoms,  characteristic  groups  of»  89 

combining  power,  78 

definition  of,  76 

equivalent  of,  78 
Atropine,  466 

sulphate,  466 
Au rates,  242 
Auric  chloride,  242 

oxide,  242 
Aurous  chloride,  241 

oxide,  242 
Avogadro's  law,  12,  65,  73 
Azobenzene,  438 


Aaxompounds,  437 
Aairite,  233 

B. 

Bacillus  buty]lcus»  541 
Bacteria,  nitrifying,  522 
Baking  powders,  22S 
Balsam  Peru,  452 
Balsams,  453 
Bands,  dark,  28 
Barite,  250 
Barium,  250 

carbonate,  251 

chloride,  250 

nitrate,  251 

oxide,  250 

peroxide,  250 

physiological  effects  of,  951 

sulphate,  251 
Barometer,  10 
Baryta,  250 
Base,  86 
Bases,  artificial  organic,  453 

natural  organic,  456 

organic,  453 

pyridin,  454 

ouinolin,  456 
Basidt^  of  adds,  86, 372 
Bassonn,  341 
Batteries,  care  of,  51 

polarity  of,  52 

storage,  53 
Battery,  Bunsen,  50 

Callaud,  51 

Grove,  50 

Leclandb^  51 
Beef-tea  or  extracts,  568 
Beer,  319 
Belladonna,  517 
Benzaldehyde,  424 
Benzene,  409,  453 

derivatives,  4x1 
halogen,  412 
hydroxyl,  412 

dinitro-,  410 

hexachloride,  408 

nitro-,  410,  434 

sulphonic  add,  43^ 
Benzin,  305 
Benzoates,  428 
Benzoic  aldehyde^  413 
Benzoin,  453 
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Benzoinol,  305 
Benzol,  409 
Benzoquinone,  426 
Benzoeol,  422 

Benzoyl-sulphonic  imid,  453 
Benzyl-chloride,  413 
Berberine,  472 
BerthoUet's  Uws,  93 
Beryllium,  241 
Bessemer  steel,  276 
Beta-naphthol,  419 
Betol,  432 

Beverages,  alcoholic,  319 
Bile,  583,  644 

composition  of,  583 

toxic  effects  of,  584 
Biliary  coloring  matters,  508 

in  uiine,  644 
Bilicyanin,  508 
Bilifulvin,  508 
Bilifusdn,  508,  509 
Bilihumin,  508 
Biliphein,  508 
Biliprasin,  508,  509 
Bilirubin,  508 

hydro-,  508 
Biliverdin,  509 
Bioses,  326 
Bismuth,  184 

carbonate,  185 

chloride,  184 

dtrate,  186 

hydroxide,  185 

mtrate,  185 

oxides,  184 

physiological  action  of,  186 

subcarbonate,  185 

subgallate,  186 

subnitrate,  185 

sulphate,  186 

tests,  x86 
Bites,  517 

Biuret  reaction,  487 
Black  wash,  261 
Blast-furnace,  276 
Bleaching  powder,  244 
Blende,  255 
Blood  in  CO,  poisoning,  196 

casts,  662 

crystals,  502 

dragon's,  451 

in  urine,  636,  663 

tests  for,  636 
Blue  stone,  235 


Blue  vitriol,  235 

Boas's  solution,  575,  577 

Bodies,  organic,  containing  nitrogoif  39f 

Body,  demiition  of,  2 

Boiling  point,  x8,  287 

Bone-ash,  247 

black,  188 

phosphate,  246 
Borax,  218,  266 
Boroglycerid,  266 
Boron,  265 

chloride,  265 

fluoride,  265 
Botulismus,  480 
Brandy,  319 
Braunite,  273 
Brazil-wood,  507 
Brighton  green,  236 
Brimstone,  138 
British  ^m,  340 
BrOggente,  106 
Bromelin,  537 
Bromides,  tests  for,  115 
Bromination,  heat  of»  358 
Bromine,  113 
Bromoform,  311 
Bromol,  415 
Bromphenois,  415 
Brudne,  468 
Brunswick  green;  236 
Bunsen  burner,  120 
Bunsen's  battery,  50 
Burnett's  fluid,  152 
Butane,  313 
Butter,  356,  596 

cacao-,  355 

of  antimony,  181 
Butterine,  357 
Butyric  add,  375,  541 


Cadaverin,  476 

Cadmium,   258 
chloride,  258 
compounds  of,  258 
hydroxide,  258 
iodide,  258 
oxide,  258 
sulphate,  258 
sulphide,  258 

Caffdne,  444, 472 
dtrated,  472 

Calamine,  255 


7IO 


INDEX. 


Caldte,  a47 
Calcium,  243 

/3-iiaphtnol  8ulphonate»  453 

bromide,  343 

carbide,  345 

carbonate,  247,  657 

casein,  499 

chloride,  343 

compounds,  343 

fluoride,   343 

hydroxide,   345 

hypochlorite,  344 

hypophosphis,  348 

iodide,  343 

-Ught,  348 

oxalate,  348,  654 

oxide,  344 

phosphates,  346 
add,  347 
dicalctum,  347 
moDocalctum,  347 
tricaldc,  or  bone,  346 

ph3r8iological  effects  of,  348 

sulphate,  346,  656 
Caldum  sulphide,  348 
Calculi,  biliary,  588 

urinary,  666 
Calculus,  compound,  666 

mixed,  666 

mulberry,  348,  666 

simple,  666 
Callaud's  battery,  51 
Calomel,  360 
Calorie,  17,  546 

kilogram  calorie,  17,  546 
Calorimeter,  547 
Calx,  344 

chlorinata,  344 

sulphurata,  348 
Camphor,  448 

bomeol,  or  Borneo,  449 

common  Japan,  448 

dibromide,  449 

monobromated,  449 

salol,  433 
Cane-sugar,  333 
Cannabin,  451 
Cantharidin,  450 
Caoutchouc,  450 
Capillary  attraction,  6 

repulsion,  6 
Caput  mortuum,  380 
Caramel,  333 
Carat,  341 


Carbamid,  400,  635 
Carbides,  301 
Carbinol,  314 
Carbohydrates,  336 
Carbolic  add,  513 
Carbon,  187,  388 

amorphous,  187 

and  nitrogen,  198 

and  oxysen,  193 

and  sulphur,  197 

detection  of,  388 

dioxide,  151, 193,  517 
in  air,  151 

ph3rsiological  effects,  193 
tests  for,  196 

disulphide,  151,  197 

gas-retort,  188 

monosulphide,  198 

monoxide,  193,  518 

tetrachloride,  311 
Carbonates,  196 
CamaUte,  330,  353 
Camelian,  3or 
Camin,  444 
Camosin,  481 
Carragheen,  141 
Carvacrol,  418 

iodide,  418 
Caaease,  600 
Casein,  498,  59c 
Caseinogen,  498 
Caseins,  v^etable,  506 
Caseon,  600 
Cassiterite,  303 
Castorin,  451 
Casts,  blood,  663 

epithelial,  663 

fatty,  663 

granular,  663 

hyaline,  663 

mucous,  664 

oil,  663 

waxy,  664 
Cataphoresis,  6r 
Cathions,  59,  77 
Cathode,  C5 
Caustic  alkalies,  311 

poisoning,  3J9 

lunar,  339 

potash,  333 

soda,  314 
Celestite,  349 
Cell,  Bunsen's,  50 
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Cell,  Callaud,  51 

composition,  539 

fibrinogen,  530 

forms  ^,  40 

galvanic,  theory  of»  44 

slobulin,  530 

Un)ve*s,  50 

Leclanchil,  51 

membrane,  530 

metabolism   531 
Celluloid,  339 
Cellulose,  338 

animal,  339 
Cement,  345 
Cementation,  376 
Centrifugal  cream,  6x3 

marnine,  651 
Cerasin,  341 
Cerebrin,  330 
Cerebrose,  330 
Ceresin,  306 
Cerium,  209 

oxalate,  309 
Cerussite,  304,  207 
Cesium,  339 
Chain,  open,  395 

closed,  39s 
Chalcodte,  233 
Chalcopyrite,  333 
Chalk,  347 

prepared,  347 
Charcoal,  188 

animal,  188 

official  preparations  of,  189 
Charse,  40 
Charles,  law  of,  11 
Chemical  affinity,  6 

compounds,  tjrpes  of,  84 
nomenclature,  87 

elements,  definition  of,  70 
table  of,  71,  73 

equations,  94 

notation,  79 

physics,  8 

reactions,  93 

symbob,  79 
Chemicals,  solubility  of,  68z 
Chemism,  6 
Chemistry,  definition  of,  x 

inorganic,  99 

organic,  285 

physiological,  519 

theoretical,  70 


Chinolin,  456 
Chitin,  495 
Chloral,  366,  516 

-acetaldozu[ie,  368 

-acetozime,  369 

action  on  economy,  367 

alcoholate,  367 

-amid,  3^9 

-ammonia,  367 

anhydroghico-,  36S 

-benzaldozime,  36S 

butyl-,  368 

-camphorozime,  368 

chloroform,  309 

compounds,  367 

croton,  368 

^ormamid,  367,  399 

habit,  367 

hydrate,  367 

-imid,367 

-menthol,  367 

-ozimes,  j68 

tests,  368 

-urethane,  367 
Chloralose,  367,  368 
Chloriiydrins,  334 

di-,  3*4 

mono-,  334 
Chloric  tetroxide,  137 
Chloride  of  <  lime,  344 
Chlorides  in  urine,  633 

estimation  of,  6m 
Chlorine,  109 

hydrate,!  10 

O,  107 
,  no 

ondes  136 
Chlorococcus,  584 
Chloroform,  309 

chloral,  309 

physiological  action,  3x0 

vapors,  516 
Chlorophyll,  507,  530 
Chlorophyllin,  530 
Cholepyrrhin,  508 
Cholin,  397,  476 
Chondrin,  493»  494.  49* 
Chromates,  271 

toxicology,  271 
Chromatin,  497 
Chrome  alum,  269 

green,  270 

yellow,  208 
Chromic  anhydride,  37X 
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Chromic  chlorides,  STC 

oxide,   a  70 

sulphate,  370 

trioxide,  371 
Chromite,  226 
Chromium,  969 

compounds,  270 

oxides,  270 

sulphates,  270 

toxicology  of,  271 
Chromogens,  645,  647 
Chromophanes,  509 
Chromo-proteins,  500 
Chromous  chloride,  270 

h3rdioxide,  270 
Chymosin,  537 
Chyluria,  64^    . 
Cinchona,  409 
Cinchonidine,  460^  464 
Cinchonine,  470 
Cinnabar,  259 
Citral,  449 

Classificanon  of  elementiy  99 
Clay,  201 
Clevite,  106 
Clupein,  495 
Coagulation,  485 
Coal,  189 

anthracite,  189 

bituminous,  189 

brown,  189 

cannel,  iQq 

{{as,  190 

Bsnite,  189 

ou,  305 

tar,  192 

wood,  189 
Cobalt,  282 

compounds  of,  282 
Cobaltic  compounds,  283 
Cobaltite,  282 
Cobaltous  compounds,  283 
chloride,  282 
hjrdroxide,  283 
mtrate,  283 
oxide,  283 
sulphate,  283 
sulphide,  283 
Cocaine,  467 

hydrochloride,  467 
Cocculus  indicus,  5x6 
Coccus,  507 
Cochineal,  507 


Codeine,  471 
Cohesion,  5 
Coil,  induction,  56 
Coke,  188 
Colchiceine,  473 
Colchicine,  473 
Colcothar,  280 
Colic,  painters',  208 
Collaien,  493 
CoDodion,  3^0 

canthajidal,  339 

flexible,  339 

styptic,  339 
Colloids,  67 
CoUargol,  238 
Colophene,  447 
Colophony,  447 
Color,  24 

complementary,  25 
Coloring  matters,  vegetable^  507 
Colors,  table  of,  25 
Colostrum,  601 
Combining  power,  quality  o^  77 

quantity  ot,  78 
Combustion,  120 

slow,  120 

moist,  132 
Compound  molecules,  85 
Compounds,  binary,  85 
Compressibility,  6 
Concniolin,  495 
Concretions,  urinary,  658 
Condiments,  568 
Conductors,  resistance  of,  41,  53 
Conjjo-red,  575 
Conlferin,  482 
Coniine,  455 
Constitution,  292,  298 
Convolvulin,  482 
Copal,  452 
Copper,  233 

acetates,  236 
•  ammoniosulphate,  335 

arsenite,  236 

basic  acetates,  236 

carbonates,  236 

pigments,  236 

poisoning,  237 

pyrites,  234 

stone,233 

sulphate,  235 

toxicological  action*  237 
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Copperas,  2jS 
Cordials,  quiedns,  516 
Core,  influence  ol^  58 
Corpuscle,  3 

Corrosive  sublimate,  a6x 
Corundum,  a68 
Cotton,  gun-,  338 
Coulomb,  47 

international,  48 
Cream,  613 

of  tartar,  22S,  384 
Creatin,  403,  481 
Creatinin,  403,  481 
Creolin,  416 
Creosote,  423 

beechwoQd,  433 

carbonate,  413 
Cresol,  416 

iodide^  417 
Cresotal,  433 
Cresotates,  430 
Critical  temperature,  g^  194 
Crodn,  507 
Crocoisite,  304 
Crocus,  red,  ado 
Crotin,  477 
Crusocreatinin,  480 
Cryolite,  267 
Ciyoscopy,  650 
Crystallm,  49s 
Crystallization,  67 

water  of,  68 
Crystallo^phy,  67 
Crystalloids,  67 
Crystals,  forms  of,  69 

system  of,  69 
Culinary  paradox,  18 
Cupric  acetate,  336 

bromide,  235 

carbonates,  236 

chloride,  234 

compounds,  234 

hydroxide,  235 

oxide,  235 

subacetate,  236 

sulphate,  2^5 

tetrammomum  sulphate,  235 
Cuprite,  233 

Cuprous  compounds,  234 
chlorides,  234 
cyanide,  234 
iodides,  234 
oxides,  234 


Cuprous  compounds,  sulphides,  234 
Curcumin,  507 
Currents,  extra,  57 

faradic,  57 

induced,  5^ 

interrupted,  45,  57 

local,  J  7 

secondary,  57 

thermo-electrical,  59 
Cyanides,  199 

compound,  200 

ISO-,  393 

tests  for,  200 

toxicology,  199 
Cyanogen,  198 
Cycles,  295 
Cyclops,  132 
C3anene,  410 
Cymogene,  304 
Q^tin,  406,  488,  657 
Cytase,  535 
Cytosin,  481 

D. 

Daily  ration,  Uble  ol,  551 

Dammar,  451 

Daphine,  132 

Daturine,  466 

Decimal  system,  6 

Decoction,  135 

Definite  proportion,  law  ol,  xof 

Degrees,  centijprade,  23 

Fahrenheit,  23 

table  of,  677 
Deliquescent,  08 
Delinants,  517 
Dedsity,  3 
Deodorizers,  152 
Deoxidation,  io< 
Deposits,  crystalline,  653 

urinary,  650, 665 
orgamzed,  659 
table  for  analysis  ol,  665 
Depressants,  517 
Desmids,  132 
Detritus,  665 
Dew  point,  150 
Dextrin,  340 

in  \irine,  640 
Dextrorotatory,  36 
Dextrose,  ^29 

detection,  637 
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Dextrose,  estimation,  637 

Diabetes  mellitus,  637 

Diabetin,  331 

Dialysis,  62,  64,  66 

Dialyzer,  66 

Diamin,  metapheiiyleiie»  437 

tetramethyl-,  475 
Diamins,  437f  645 
Diamond,  187 
Diastase,  534 

pancreatic,  537 
Diazonium,  438 
Diazo-reaction,  644 

compoundbi,  437 
Dicaldum  phosphate,  24J 
Dichloihydiin,  324,  348 
Didjrmium,  29,  72 
IMct,  545 

American,  553 

calculation  of,  553 

European,  552 

exchange  of  material  in»  565 

tables,  550 
Diethyiendiamin,  398 
Dififusion,  62 

Graham's  law  of,  15 

of  gases,  14 

of  Bquids,  64 
Diformin,  349 
Digestion,  ijs,  ^70 

artificial,  562 
Digitalein,  482 
Digitalin,  482 
Digitalis,  517 
Digitoxin,  482 
Dihydrobenzene,  412 
Dihydroxy-toluene,  421 
Dimethyl-amido-azobenzene,  438 
Dimethylamin,  396 
Dimethyl-phenols,  417 
Dimorphism,  67 
Dimorphous,  173 
Dionine,  472 
Dipentine,  445,  448 
Diphenyl,  410 
Diphtheria  antitoxin,  480 
Dipotassium  sulphate,  226 
Disaccharids,  331 
Disinfectant,  Lenande%  153 
Disinfectants,  152 

commercial,  154 
Disodium  phosphate,  217 
Distillation,  19,  319 


Distillation,  destructive^  19 

fractional,  19 
Diuretin,  473 
Dolomite,  252 
Donne's  test,  637 
Donovan's  solution,  173 
Draopn's  blood,  451 
Duaune,  324 
Duldte,  326 
Duldtol,  326 
Dulcose,  326 
Dynamite,  324 

B. 

Ebonite,  450 
Ecgonine,  467 
Edestin,  493 
Efflorescence,  68 
Egg  albumin,  492 

globulin,  492 

white,  492 
Ehriich's  test,  644 
Elastin,  494 
Electrical  charge,  40 

current  or  circuit,  45 

induction,  41 

tension,  46 

units,  46 
Electricity,  39,  44 

by  chemical  action,  44 

by  friction,  39 

by  induction,  41 

by  magnetism,  58 

effects  of,  60,  61 

extra  currents,  57 

frictional,  43 

noachine,  43 

Toepler-Holtz,  43 

magneto-,  58 

produced  by  chemical  action,  44 

resbtance  of  conductors,  53 

secondary  or  induced  carTents*  57 

thermo-,  59 
Electrics,  40 
Electrode,  55 

positive,  55 
Electrolysis,  59 
Electrolytes,  59 

Electrometallurgy  or  plating,  60 
Electrometer,  49 
Electromotive  force,  46 
Electron,  3,  40,  45 
Electronegative  atoms,  78 
Electropositive  atoms,  78 


INDEX. 


71S 


Elements,  chemical,  definitioiiy  70 

classification,  99 

non-metallic,  101 
Elemi,  451 
Elutriation,  347 
Emery,  267 
Emetics,  512 
Emulsin,  535 

fennent,  532 
Energy,  8 

muscular,  568 

vegetable,  520 
Enterokinase,  537 
Enteroliths,  588 
Enzymes,  532 
Epiguanin,  444 
Episardn,  444,  481 
Epithelium  cells,  660, 669 
Epsom  salt,  253 
Equations,  94 
Equililmum,  93 

reaction,  93 

tissue-,  565 
Equivalence,  78 

table  of,  83 

variation  in,  8z 
Erbium,  29 
Erepsin,  506,  537 
Erythrin,32S 
Erythrol,  325 
Erythrite,  325 
Esculetin,  482 
Esculin,  482 
Eserine,  473 

Essence  of  miibane,  434 
Essences,  447 
Esters,  342,  344 

aromatic,  430 

of  glyceryl,  348 

saponification  ol,  345 
Ethane,  303 
Ethal,  322 
Ethene,  306 
Ether,  342 

acetic,  345 

etiiyl,  543 

luminiferous,  33 

metiiyl-,  343 

nitrous,  345 

sulphuric,  343 
Ethereal  sulphates,  623 
Ethers,  341 

compound,  342,  344 


Ethers,  formation  of,  343 

mixed,  342 

of  glyceryl,  348 

of  parafl^  series,  343 

simple,  342 
Ethine,  307 
Ethyl-acetate,  345 

-alcohol,  316 

-bromide,  312 

-carbamate,  347 

-chloride,  312 

-mercaptan,  389 

-nitrite,  346 

-oxide,  343 

-sulphate,  346 
Eucalyptin,  450 
Eucatyptol,  449 
Eugenol,  418 

-acetamid,  418 

benzoyl-,  418 

dnnamyl-,  418  - 

iodo-,  418 
Euphorin,  432 
Evaporation,  19 
Ewald's  test,  581 
Exalgin,  435 
Ezcretin,  588 
Extension,  6 
Extract,  Goulard's,  3o8 

malt,  534 

pear,  348 

pineapple,  348 

strawberry,  348 


P. 

Fakad,  48 

Fat  in  urine,  658 

estimation  of,  596 

in  milk,  596 
Fats,  523 

in  human  body,  359 

melting  point  of,  357 

natural,  349 
Feces,  584 

color,  584 

composition  of,  585 

in  disease,  589 
Feeding  experiments,  548 
Fehlin^s  solution,  330,  639 
Feldspar,  267 
Ferment,  acetic  add,  K40 
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Fennent,  alcohoUe,  316,  539 

butyric,  540 

curdling,  537 

cmulsin,  535 

fibrin,  50a,  538 

lactic,  540 

nitrifying,  54a 

organized,  533,  539 

pepsin,  536 

soluble,  or  unorganized,  533 

urea,  541 
Fermentation,  add,  619 

alcoholic,  316 

but^,  540 

lactic,  540 

putrefactive,  541 
Fermentadves,  anti-,  539 
Ferments  in  urine,  645 

in  stomach,  579 
Ferric  alum,  a8o 

chloride,  379. 

compounds,  379 

hydroxide,  176,  380 

with  magnesia,  176^  5x4 

nitrate,  381 

oodde,  380 

phosphate,  381 

pjrrophosphate,  381 

sesquiozidf,  a8o 

sulphates,  380 
Ferricyanides,  300 
Ferrocyanides,  300 
Ferromanganese,  373 
Ferrous  carbonate,  378 

chloride,  377 

compounds,  377 

hydroxide,  378 

iodide,  378 

lactate,  379 

oxalate,  379 

oxide,  378 

phosphate,  379 

protosulphide,  399 

saccharated  iodiae,  378 

sulphate,  378 

sulphide,  379 

tartrate,  379 
Fibrin,  503 

ferment,  503,  538 
Fibrinogen,  493 
Fibrinoplastin,  493 
Fibroin,  495 


Fire-damp,  30a 
Flame,  oxidizing,  xai 

reducing,  131 
Flavin,  483 
Flavors,  artificial  fruit,  348 

pear,  348 

pineapple,  348 

strawberry,  348 
Fluid,  Burnett's,  153,  515 

soldering,  515 
Fluorescein,  431 
Fluorine,  107 
Fluor-spar,  xo8 
Food,  absorption  of,  563 

accessories,  566 

assimilation,  563 

calorific  value,  549 

composition  of  common,  558 

cooking  of,  563 

dynamic  enei^  of,  546,  $49 

proximate  principles  of,  544 

volume,  561 
Foods  and  diet,  544 

digestibili^of,S59 

function  of,  563 

protdd-sparing,  566 

value  of,  545 
Force,  8 

electromotive,  46 

heat,  9 
Forces,  physical,  3 
Formaldehyde,  X53,  364,  539 
Formalin,  364 
Formamid,  399 
Formin,  413         . 
Formulc,  empirical,  80 

graphic,  80 

rational,  80 

structural,  80 
Fowler's  solution,  174 
Frauenhofer's  lines,  38 
Fraxin,  482 

Freedng  point,  17,  391,  649 
Fhictose,  331 
Ftuit-sugar,  331 

flavors,  348 
Fucose,  338 
Fulminates,  1 17 
Furfurol,  338 
Fusdn,  509 
Fusel  oil,  J3 1 
Fusing  point,  387 
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Gadinin,  477 
Gadium,  354 
Galactose,  327,  330 
Galbanum,  4^a 
Galena,  or  galenite,  ao4 
Gallacetophenone,  426 
Galvank  ceU,  theory  of,  44 

current,  45 
Galvanometer,  49 
Gamboge,  452 
Gas,  accidental,  in  air,  151 
air,  191 
•coal,  190 

composition  of,  191 
illuminating;,  190,  517 
marsli,  303 
natural,  30a 
olefiant,3o6 
water,  191 
Gaseous  state,  17 
Gases,  constitution  of,  9,  xa 
diffusion  of,  14 
intestinal,  589 
poisonous,  51a,  5x8 
tension  of,  9 
Gasolene,  191 
Gasometer,  191 
Gastric  juice,  571 

acidity  of,  57a 
action  of,  J73 
anal3rsis  of,  $J2 
clinical  examination  of,  573 
Gelatin,  494 
Geraniol,  449 
Germanium,  aoa 
Germicides.  153 
Giant  powder,  334 
Gin,  319 
Glass,  ao3 

soluble  or  water,  aod 
Glauber's  salt,  315 
Gliadin,  493 
Globin,  495 
Globulin,  490,  493 

para-,  493,  505,  634 
serum-,  493,  634 
Globulins,  490,  493 
GloMary,  688 
Gludnum,  343 
Gluco-proteids,  498 
Glucose,  339,  637 


Glucose,  detection  in  urine,  637 

estimation  of,  639 
Glucoses,  339 
Glucosides,  481 
Glue,  494 
Glusidum,  435 
Glutamin,  405 
Gluten,  493 

fibrin,  493 
Glutelins,  490 
Glutenin,  493 
Glycerin,  333 

nitro-,  334 
Glycerinum,  333 
Glycerita,  sp.  gr.,  8 
Glycerol,  333 
Glycerose,  J36 
Glyceryl-trinitrate,  334 
Glycin,  403,  487»  4^8 
Glycocin,  333,  403 
Glycocol,  403,  487.  4** 
Glycogen,  337 
Glycol,  333 
Glycolysis,  539 
Glycoproteins,  491 
Glycosuria.  637.  640 
Glycyniietin,  453 
GlycyrrMan,  483 
Gmelin's  test,  644 
Gold,  340 

trichloride,  343 
Goulard's  extract,  308 
Graham's  law  of  diffusioii»  t$ 
Gram,  definition,  7 

molecule,  63 
solution,  63 
Grape-sugar,  339 
Graphite,  187 
Gravitetion,  definition  of»  $ 

law  of  ,  3 
Gravities,  specific,  679 
Gravity,  specific,  3 

flask,  4 
Green,  Brighton,  336 

Brunswick,  336 

mineral,  336 

mitis,  3^6 

mountain,  336 

Neuwieder,  336 

Paris,  336 

Schweinfurt,  336 

verditer,  236 
Greenockite,  258 
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Guaiacol,  4J1 

iodkk,4^i 

Gtulacom,  451 
GtULidn^  44a,  4B0 
Gtilote,  317 
GumHuuicU,  340 

armbfe,  340 

buforifi,  340 

-benzoin,  4«7»  453 

Britkh,  340 

-dammar,  451 

froup,  339 

Ataiacum,  45a 

-iac45' 

mastic,  451 

refills,  451 

Senegal,  141 

tragacanthr  340 
ChimB,  339,  45 « 

ve^ble,  t39 
Gun-cotton,  338 
Gun-powder,  335 
GOnsburg's  solution,  575,  577 
Gutta-percha,  450 
Gyptum,  346 


Haincs's  solution,  638 
Haloffca  elements,  107 
Halom  derivatives,  308 
Hausmannite,  373 
Heat,  15 

effects  of,  17 

latent,  so 

measurement  of,  ij 

mechanical  equivalent»  x6 

sensible,  21. 

sources  ol  x6 

specific,  SI 
Heavy-spar,  351 
Helium,  106 
Helleborein,  48a 
Helleborin,  483 
Heller's  test,  63a 
Hematin,  501 

hydrochloride,  50X 
Hematite,  375 
Hematoffen,  499 
Hematoidin,  50s 


Hematoporj^yno,  503,  6|6 
Hematinyioii,  507 
Hematuria,  636 
HemkeUiilose,  339 
Hemin,  crystals,  y>2 
Hemodnomogm,  509 
Hemoc3ranm,  5^^ 
Hemo^obin,  500 
Hemoglobincmieter,  coi 
Hemo^obinuria,  636 
Henry,  48 
Heptoses,  336,  337 
Heroine,  471 
Heterozanthin,  444,  480 
Hexihydrobenzene,  413 
Hezahydropyiidin,  466 
Hexaniethylene-tetTamin,  419 
Hezabioses,  337 
Hexon  bases,  481 
Hexoses,  339 
Histidin,  405,  488 
Histones,  495 
Histozym,539 
Homatropine,  467 
Homologous  series,  396 
Hornblende,  353 
Hunger,  557 
Hyalogen,  408 
Hydradds,  89 
Hydrastine,  473 
Hydrastinine,  473 
^Hydrazin,  438 

acetyl-pnenyl,  438 

ethyl,  438 

phenyl,  438 
Hydrazones,  363,  439 
Hydrobilirubin,  508 
Hydrocarbon  radicals,  399 
cyanides  of,  393 

sulphur-derivatives,  389 
Hydrocarbons,  151,  395 

aliphatic,  301 

benzene,  407 

homologous  series  of,  396 

nitro-derivatives,  389 

nomenclature  of,  300 
Hydrogen,  103 

alcoholic,  313 

ammonium  carbonate,  3319  5^8 

and  nitrogen,  154 

and  oxygen,  134 

antimoniuretted,  180 
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Hydrogen  arsenide,  17X 

arseniuretted,  171 

basic,  86 

bromide,  115 

chloride,  no 

dioxide,  135 

disodium  phosphate,  217 

fluoride,  108 

nascent,  105 

oxide,  151 

peroxide,  135,  52^ 

phosphoretted,  x66 

sodium  carbonate,  317 
phosphate,  217 

sulphate,  144,  215 

sulphide,  151 

sulphuretted,  140,  518 
Hydrometer,  5 

Twaddell,  5 
Hydronaphthol,  419 
Hydropotassium  oxalate,  227 

sulphate,  226 
Hydropotassium  tartrate,  227 
Hydroquincme,  421 
Hydroxide,  86 
Hydroxylamin,  396 
Hydroxyhydroquinone,  433 
Hydroxy-prolin,  488 
Hygroscopic,  68 
Hyoscine,  469 

hydrobromide,  467 
Hyocyamine,  467 

hydrobromide,  467 

sulphate,  467 
Hyperisotonic  solution,  65 
Hypnal,  437 
Hypnon,  425 
Hypochlorites,  136 
Hypo-isotonic  solution,  65,  368 
Hyponitrous  oxide,  157 
Hyposthenisants,  512 
Hyi>osthesis,  definition  of,  x 
Hypoxanthin,  442,  480 

L 

Ice,  128 

Iceland  spar,  ^47 
Ichthulin,  500 
Ichthyol,  433 
Igniting  point,  120 
Illuminating  gas,  518 
Imid,  benzoyl-sulphonic,  433 
Imids,  399 


Incompatibies,  518 
India-rubber,  450 
Indican,  440,  482,  507 
Indicators,  575 
Indigo,  507,  658 

-blue,  440 

-carmine,  440 
test,  639 

-red,  441  ^ 

Indigotin,  440 
Indinibin,  441 
Indol,  439 

methyl-,  439 
Indoxyl,  439,  647 

-sulphates,  439,  647 

-sulphuric  add,  440,  647 
Induction,  42 

coU,  56 

electrical,  38 
Indurite,  338 
Inebriants,  516 
Inertia,  6 
Infusion,  135 
Inosite,  331 
Insulators,  41 
Inulase,  535 
Invert-sugar,  332 
Invertase,  535 
Invertin,  333 
Iodine,  115,  i37»  5i5 

compound  solution,  116 

oxides,  137 

tests  for,  117 
Iodoform,  311 
lodol,  455 
lodopynn,  437 
lodothyrin,  491 
Ions,  59,  82,  83 
Iridium,  275 
Iron,  275 

ammonio-dtrate,  281 

and  ammonium  tartrate,  38s 

and  potassium  tartrate,  381 

and  quinine  dtrate,  281 

and  strychnine  dtrate,  381 

cast,  276 

chrome,  260 

dtrates,  281 

oxides,  278 

persulphate,  514 

phosphates,  279,  381 

pig,  276 

protosulphate,  278 
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Iron,  pure,  377 

pyrophosphate,  281 
scale  compounds  of,  aSi 
sulphates,  378,  380 
tartrates,  379,  381 
wrought,  376 

Irritant  poiscms,  511 

Isobutane,  313 

Isdogous  series,  396 

Isdudn,  488 

Isomaltose,  135 

Isomeric  bodies,  397,  99S 

Isomerism,  397 

Isoquinolin,  456 

Isotonic  solution,  65 


Jalap,  45' 
Talapin,  483 
tayeile  water,  335 
Jecolein,  354 
Tequirity,  477 
Jewelers'  rouge,  380 
Joule,  48 


Kairin,  456 

Kairolin,  456 

Kalium,  330 

Kefyr,  334 

Keratin,  495 

Kerosene,  305 

Ketone  group,  331 

phenyl-metnyl,  435 

Ketones,  370 
aromatic,  435 
dimethyl,  370 
diphenyl,  435 
etnvl-methyl,  370 
hydroxy-,  370 
pnenyl-eUiyl,  435 
phenyl-propyl,  436 

Ketoses,  339 

Kieserite,  353 

Koumiss,  334 

Kr3rpton,  xo6 

L. 

LABAUtAQUX's  Solution,  319 


Labdanum,  45  s 
Lac  dve,  4^1 
Lactalbuoam,  596 
Lactase,  S3<,  640 
Lactation,  009 
Lactodensimeter,  603 
Lactoglobulin,  596 
Lactometer,  5,  603 
Lactosazone,  phenyl-,  334 
Lactoscope,  603 

Feser's,  603 
Lactose,  «3 

in  milk,  596 

in  urine,  640 
Lamp-black,  188 
Lana  philosophica,  357 
Lanolme,  353 
Lard,  355 
Lardacein,  495 
Laudanum,  516 
Laughing-gas,  157 
Laurent's  polarimeter,  34 
Law  of  Amp^,  13,  73 

of  Avoffadro,  13,  65,  73 

of  Berthollet,  93 

of  Boyle,  10 

of  Charles,  zi 

of  Gay-Lussac,  iz 

of  Graham,  15 

of  Mariotte,  10 

of  Ohm,  53 

periodic,  100 
Leadiing,  135 
Lead,  304,  515 

acetates,  ao8 

binoxide,  306 

black,  187 

carbonate,  307 

chlorides,  305 

chromate,  308 

dioxide,  306 

iodide,  305 

nitrate,  307 

oxides,  306 

peroxide,  306 

plaster,  306,  363 

poisonous  action,  90S 

protoxide,  306 

puce-oxide,  306 

red,  306 

sugar  of,  308,  515 

sulphate,  307 
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Lead,  sulphide,  907 

white,  207,  515 
Lecithin,  350 
Ledtho-proteins,  50a 
Legal's  test,  64a 
Legumin,  506 
LepidoKte,  an 
Leucin,  404,  487,  488,  657 
Leucosin,  493 
Levulose,  331,  640 
Lig^t,  a3 

chemical  efifecti  of,  30 

color  and  intensity  of,  34 

double  refraction  of,  33 

physiological  effects  of,  31 

polarization  of,  31,  33 

refraction  of,  2$ 

transmission  of,  34 
Lignin,  339 
lime,  244 

chloride  of,  244 

chlorinated,  344 

milk  of,  345 

slaked,  345 

stone,  343i  aS* 

superphosphate  of,  347 

water,  245 
Limonene,  445 
Limonite,  375 
Linalool,  449 
Linimentum  amnrnnja^  369 

calds,  363 

sapoids,  363 
Lipadduria,  043 
Lipase,  538 
Lipochrin,  509 
Liquid  st«te,  9 
Liquor,  135 

addi  arsenosi,  174 

ammonis,  155 
acetatis,  333 

arsenii  et  hydrargyri  iodidi,  173 

cakis,  345 

saccharatut,  345 

chlori  compositus,  no 

ferri  chlondi,  379 
nitratis,  155 
perchloridi,  379 
pemitratis,  281 
subsulphatis,  280 
tersulphatb,  380 

magnesia  carbonatis,  154 
dtratis,  355 

47 


Liquor,  mother-,  68 

plumbi  subacetatis,  135,  308 

potassii  arsenitis,  174 
hydroxide,  333 

sods  chlorinate,  319 

phosphatis  comp.,  a  18 

sodii  arsenatis,  174 
Liquorice  sugar,  4JI3 
Liquors,  distilled,  319 

fermented,  319 

malt,  319 
Liter,  7 
Litharge,  306 

lithic  add  (uric  add),  443,  619 
Lithium,  311 

benzoate,  313 

bromide,  an 

carbonate,  3x1 

chloride,  an 

dtrate,  212 

oxide,  211 

salicylate,  212 
Litmus,  507 
Liver  of  sulphur,  234 
Liziviation,  135 
Lobelia,  517 
Logwood,  507 
Lugol's  solution,  1x6 
Lunar  caustic,  339,  515 
Lysin,  405,  487,  488 
Lysins,  478 
Lysd,  416 

u. 

Maceration,  13c 
Madder,  artificial,  4x1 
Magnesia,  353 

alba,  354 

caldned,  353 

levis,  353 

milk  of,  353 

ponderosa,  353 
Magnesite,  352 
Magnesium,  252,  537 

carbonate,  254 

chloride,  253 

dtrate,  255 

hydroxide,  253 

limestone,  252 

oxide,  253 

phosphates,  254,  655 

sulphate,  353 
Magnetic  foice,  37 
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Magnetic  needle,  37 
Magnetism,  37 

theory  of,  39 
Magnetite,  275 
Magneto^ectzidty,  58 
Magnets,  electio-,  38 

poles  of,  37 

properties  of,  37 
Malachite,  233,  236 
Malt  extract,  534 
Maltase,  535 

Maltosaxone,  phenyl-,  334 
Maltose,  334 
Manganates,  274 
Manganese,  273 

oxides,  274 
Manganic  compounds,  274 
Manganite,  273 
Manganous  carbonate,  273 

diloride,  273 

compounds,  273 

hydroxide,  273 

oxide,  273 

sulphate,  273 

sulphide,  273 
Manna,  ^25 

dulate,  326 
Mannite,  325 
Mannitol,  325 
Mannose,  325,  330 
Marble,  243,  247 
Mariotte,  law  of,  xo 
Marsh-gas,  302 
Mass,  definition  of,  2 
Massicot,  206 
Mastic,  451 
Matter,  definition  of,  x 

divisions  of,  2 

radiant,  13 

three  states  of,  8 
Maumen^'s  test,  358 
Meconium,  588 
Meerschaum,  252 
Melanin,  649 
Melanogen,  649 
Melting  pcnnt,  17 
Menthol,  449 
Mercaptal,  390 
Mercaptans,  389 
Mercaptids,  389 
Mercaptol,  390 
Meicur-amidogen  chkuride,  260 

-ammonium  chloride,  t6s 


Mercurial  tremors,  26% 
Mercuric  chloride,  261 

compounds,  261 

iodide,  263 

mercaptid,  390 

nitrate,  261 

oxide,  263 

sulphate,  263 

sulphide,  264 

sulphocyanate,  264 
Mercurous  chloride,  260 

compounds,  260 

iodide,  260 

nitrate,  261 

oxide,  261 

sulphate,  261 
Mercury,  259 

ammoniated,  269 

colloidal,  259 

fulminate  of,  393 

physiological  actkxit  264 

tests,  265 
Metabolism,  544 
Metacresol,  416 
Metaldehyde,  366 
Metalloids,  99 
Metals,  99 

alkali,  211 

of  group  I,  211 

of  group  n,  242 

of  group  III,  252 

of  group  IV,  265 

of  group  V,  269 

of  group  VI,  269 

of  group  Vn,  273 

of  group  Vni,  275 

of  the  alkaline  eaitha,  t4t 

platinum,  283 
Metaproteins,  503 
Metarabin,  341 
Meter,  6 
Methane,  302 

monobrom-,  311 

monochlor*,  308 

trichlor-,  308 
Methemoglobin,  50X 
Methyi-acetanilid,  435 

-alcohol,  315 

-amins,  396 

bromide,  311 

ether,  293,  343 

-glycocol,  403 

-guanin,  480 

-indoly  439 
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Methyl  nitrate,  345 

oxide,  ^43 

-ozyquinolin,  456 

-pyridin,  455 

-pyiocateclun,  431 

salicylate,  345,  430 

-xanthins,  444 
Jdetric  system,  6 

use  in  prescriptions,  8 
Mica,  267 
MicromiUimeter,  7 
Micron,  7 
Microzimes,  539 
Milk,  590 

adulterations  of,  (Sot 

analyses  of,  591,  592 

bacteria  in,  598 

butter-,  614 

certified,  6ox 

composition  of,  591 

condensed,  6x0 

digestion,  605 

enzymes  of,  594 

C3Etractives,  594 

fore-,  593 

sermicidal  action,  601 

m  disease,  6oa 

laboratories,  608 

modified,  607 

of  lime,  345 

preservation,  6od 

preserved,  613 

proteids,595 

reaction,  598 

salts,  597 

separated,  613 

slum-,  613 

sterilized  or  Pasteurised,  606 

sugar  (lactose),  333,  597 

testing,  603 
Milliampere,  47 
Milliampere-meter,  48,  49 
Mindererus,  spirit  of,  333 
Mineral  green,  336 

waters,  134 

wax,  306 
Minium,  306 
Mispickel,  170 
MitiB  green,  336 
Mobility,  3 
Molasses,  333 
Molecular  attraction,  5 

concentration,  65 


Molecular  weights,  76,  77 
Molecules,  3,  70 

and  atoms,  multiplication  of,  80 

atomicity  of,  75 

binary,  85 

classified,  85 

composition  of,  397 

compound,  70,  85 

constitution,  397 

definition  of,  3,  70 

elemental,  70 

gaseous,  13,  74,  97 

number  of  atoms  m,  75 

salt,  8s 

size  and  weight  of,  13 

ternary,  85 

weight,  76 
Molybdenite,  371 
Molybdenum,  a7i 
Molybdic  trioxide,  371 
Monacetin,  349 
Monocaldum  phosphate,  347 
Monochlorhvdrin,  334,  348 
Monochlorphenol,  415 
Monofonmn,  349 
Monosaccharids,  337 
Monosodium  phosphate,  3iS 
Monsel's  solution,  380 
Morphine,  471 

acetate,  471 

hydrochloride,  471 

sulphate,  471 
Morrhuin,  354 
Mortar,  244 

hydraulic,  345 
Motihty  of  stomadi,  580 
Mountain  green,  236 
Mucilage,  vegetable,  341 
Mucin,  494,  496 


Mucoids,  498,  6^5 
Mucous  corpuscles,  1 
Murexid,  406 


Muscarin,  397,  476 

Muscular  energy,  source  o^  50i 

Mustard,  513 

Mutton  suet,  355 

Mycoderma  aceti,  374,  540 

Myoglobulin,  503 

Myosin,  503 

Myosinogen,  503 

Myrosin,  536 

Myrrh,  453 

MjTtilotoxin,  477 
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Naphthalene,  19a,  411 
Naphthenes,  41a 
Naphthol,  41S 

aaliqrlate,  43a 
Naphthophenols,  4x8 
Naphthopyrin,  437 
Naphthoquinone,  4J6 
Narcdne,  464 
Narcotics,  516 
Narcotine,  464 
Nascent  state,  xoa 
Native  proteins,  490 
Natrium,  aia 

Natural  science,  definitioo  of,  i 
Neassidin,  498 
Neon,  Z06 
Neurin,  397,  476 
Neuro-keratin,  495 
Neurotics,  si6 
Neutrals,  85 
Neuwieder  green,  236 
Niccolite,  a8a 
Nickel,  a8a 

compquodsi  a8a 

glance,  a8a 
Nickelic  hydroxide,  a8j 

oxide,  a8a 
Nickelous  chbridc^  ait 

cyanide,  a8a 

hydroxide,  a8a 

sulphate,  a8a 

sulphide,  a8a 
Nicotine,  455,  466 
Nitrates,  131 
Niter,  a  35 

sweet  spirit  of,  346 
Nitric  anhyaride,  150 

oxide,  158 
Nitrils,  393 
^^.    wo-,  393 
Nitntes,  131,  159 
Nitrobenzene,  434,  516 
Nitro-ethane,  346 
Nitrogen,  147,  389,  534 

and  hvdrogen,  154 

assimilation  of,  5ax 

chloride,  156 

dioxide,  158,  X59 

poup,  147 

iodide,  156 


Nitrogen  monoxide,  157 

peroxide,  156 

protoxide,  156 

ratios,  630 

tetroidde,  156 

total,  630 
Nitioglyceroi,  334 
Nitromuriatic  add,  113 
Nitrodtes,  44^ 
Nitroso-chlondes,  445 
Nitrous  anhydride,  156 

fumes,  518 

oxide,  156,  516 
Nomenclature,  87 

examples  of,  88 

irresularities  in,  91 

of  alkaloids,  457 

of  hydrocari)ons,  300 

of  organic  compouiids*  998 

rule  for,  87 

simplified,  89 
Non-metals,  zoo 
Nonoses,  3a6 
Nuddns,  496,  497 
Nudeo^lbumins,  497,  635 

•proteins,  496 
biliary,  500 
urinary,  JDO 
Nutrition,  54a 
Nux  vondca,  5x7 

Occlusion,  104 
Octoaes,  3a6 
Ohm,  46 

international,  47 
Ohm's  kw,  ^3 
Oldium  albicans,  54# 
Oil,  almond,  352 

apple,  322 

benne,  $U 

canon,  3l^a 

castor,  354 

cinnamon,  445 

cod-liver,  353 

cottonseed,  353 

cioton,  355 

dead,  19a 

elemi,  45  x 

flaxseed,  353 

fusd,  3a  I 

heavy,  19a 
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00,  hempseed,  356 

ilhimiiiatiiig,  305 

juniper,  445 

lard,  35a 

lemon,  445 

light,  19a 

Unseed,  353 

mineral  sperm,  305 

neat*  8-foot,  356 

of  bergamot,  445 

of  cade,  353 

of  doves,  446 

of  cubebs,  446 

olive,  354 

orange-peel,  445 

palm,  356 

peanut,  355 

pear,  3aa 

pepper,  445 

poppy-seed,  3J6 

sesame,  or  tecl,  356 

sperm,  356 

tallow,  356 

tanners',  353 

walnuti  356 
Oils,  drying  or  siccative,  350 

essent&l)  445 

fixed,  350,  358 

lubricating,  305 

official,  351,35a 

sweet  principle  of,  332 

table  for,  360 

volatile,  350,  445 
defines,  306 
Olein,  350 
Oleomargarine,  356 
Oleoptenes,  446 
Oleoresins,  450 

Oliver's  test  for  biliary  adds,  644 
Opium,  516 
Orcin,  4a  i 
Ordnol,  4a  i 

Organic   bodies   containing   nitrogen, 
392 
chenpstry,  definition  of,  a85 
classification,  399 
constitution  of,  a9a,  397 
nomenclature  of,  398 
polariscopic    examination  of, 

a87 
qualitative  examination  of,  a88 
spectroscopic  examination  of, 
a88 


Organic  bodies,  synthesis  of,  301 

radicals,  399 
Organisms  in  water,  133 
Omithin,  405,  487 
Orpiment,  170 
Orthocresol,  416 
Osazones,  3a8,  438 
Osmium,  384 

tetroxide,  384 
Osmosis,  64 
Osmotic  pressure,  65 
Ossem,  503 
Oxacids,  89 
Oxalurea,  405 
Oxidases,  533,  5^8 
Oxidation,  lai 
Oximes,  368 
Oxygen,  118 
Oxyhemoglobin,  501 
Ozokerite,  306 
Ozone,  75,  laa 

tests,  1 33 

PALLADnm,  375 
Palmitin,  ^50 
Palsy,  shaHng,  a64 
Pancreatic  fluid,  58a 
Pancreatin,  537 

diastasic  value  of,  534 
Papain,  537 

Papaverine,  461,  464,  470 
Papoid,  537 
Paracasein,  499 
Paracresol,  416 
Paradox,  culinary,  x8 
Paraffin,  306 
Paraffins,  301 

ISO-,  303 

nco".  303 

normal,  303 
Paraformaldehyde,  364 
Paraglobulin,  49a,  634 
Paraldehyde,  366 
Paramucm,  498 
Paranudeo-proteins,  498 
Paraxanthin,  444,  480 
Parchment  paper,  145,  339 
Paregoric,  516 
Paris  green,  336 
I  Pearl  ash,  335 
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Peat,  189 
Pectase,  538 
Pectates,  341 
Pectin,  341 
Pentabioses,  327 
Pentosans,  328 
Pentoses,  328 
Pepsin,  536 
Peptids,  506 
Peptone,  505,  635 
Peptones,  505,  506 

in  urine,  635 
Percolation,  135 
Permanganates,  274 
Peronine,  472  ^ 

Petrolatum,  305,  306 
Petroleum,  304 

distillates,  304 
Pettenkofifer's  test,  407 
Phenacetin,  436 
Phenazone,  436 
Phenol,  413 

diatomic,  419 

monochlor-,  415 

triatomic,  422 

tribrom-,  415 

trinitro-,  415 
Phenolphthalein,  43Q 
Phenopyrin,  437 
Phenylalanin,  488 
Phenyl-dimethyl-pyrazolcm,  436 

-ethylamin,  488 

-glucosazone,  330 

-hydrazin,  438 

-lactosazone,  334 

-maltosazone,  334 

-salicylate,  430 

-urethane,  432 
Phloretin,  483 
Phloridzin,  483 
Phloroglucin,  422 
Phloroglucol,  422 
Phosphates,  earthy,  623 
Phosphin,  166 
Phospho-proteins,  498 
Phosphorescence,  163 
Phosphoric  pentoxide,  127 
Phosphorus,  162,  516 

anhydride,  167 

monoxide,  167 

oxides,  168 

oxy  bromide,  166 

oxychloride,  166 

pentachloride,  166 


Phosphorus,  pentoxide,  167 

physiological  action,  164 

red,  163 

tetroxide,  167 

thiobromide,  166 

trichloride,  166 

trioxide,  168 
Phosphotungstic  add,  487 
Phydte,  325 
Physical  forces,  3 

sdence,  definition  of,  i 
Physician,  duty  of,  in  poisoning,  175 
Physics,  I 

chemical,  8 
Physostigmine,  473 
Pialin,  538 
Picnometer,  4 
Picolins,  455 
Picrotoxin,  483 
Pigments,  blood,  503 

urinary,  645 
Pilocarpine,  474 

hydrochloride,  474 
Pinene,  445 
Piperazin,  398 
Piperidine,  455,  466 
Pipc?!ne,  466  • 

Plant  S3mtheses,  521 
Plaster,  lead,  362 
Plaster-of-Paris,  246 
Platinum,  283 

compounds,  284 

metals,  283 

sponge,  284 

tetrachloride,  284 
Plumbago,  187 
Plumbates,  206 
Plumbic  anhydride,  206 
Plumbcxso-plumbic  oxide,  906 
Plummer*s  pills,  182 
Podophyllin,  451 
Poison,  J09 

food,  480 

meat,  480 
Poisoning,  treatment,  51a 

symptoms,  479,  510 
Poisonous  foods,  515 

gases,  511,  518 

proteids,  477 
Poisons  and  their  antidotes,  176,  509 

corrosive,  511,  514 

deliriant,  511,  517 

emetic,  515 

inorganic,  179 
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Poisons,  irritant,  51a,  514 

meat,  479 

neurotic,  511,  516 

organic,  179 

septic,  512 

special,  513 
Polanmeter,  Laurent's,  34 
Poiariscope,  34 
Polarity  oi  atoms,  77 

of  the  elements  of  batteries,  5  a 
Polarization  of  plates,  50 

plane  of,  34 

rotation  of,  34 
Poles,  55 
Polonium,  7a 
Polychrdte,  483 
Polymeric  bodies,  298 
Pol3rmerism,  298 
Polypeptids,  506 
Polysacchari<&,  335 
Populin,  483 
Porosity,  6 
Potash,  aaa 

binoxalate  of,  aa7 

by  alcohol,  223 

caustic,  223 

red  prussiate,  198,  aaa 

yellow  prussiate,  198,  aaa 
Potassium,  183,  220 

acetate,  227 

antimonyl-tartrate,  aa8 

arsenite,  174 

bicarbonate,  226 

bisulphate,  226 

bromide,  22 1 

carbonate,  225 

chlorate,  224 

chloride,  221,  527 

chromate,  227 

chrome  alum,  269 

cyanide,  222,  515 

dichromate,  226,  513 

ferricyanide,  222 

ferrocyanide,  222 

fluoride,  222 

haloid  salts  of,  221 

hydroxide,  223 

hypochlorite,  224 

indoxyl-sulphate,  439 

iodide,  221 

manganate,  274 

mercuric  iodide,  633 

nitrate,  225 


Potassium,  oxalates,  227 
oxide,  223 
pentasulphide,  224 
perchlorate,  224 
permanganate,  275 
peroxide,  223 
quadroxalate,  227 
salts,  224 

skatoxyl-sulphate,  440 
sulphates,  226 
sulphides,  223 
sulphites,  226 
sulphocyanate,  229 
tartrates,  227 

Potato-spirit,  321 

Potential,  42 

Powder  of  algaroth,  181 
putty,  204 

Power,  electrical  horse-,  47 
rotatory,  x6 
the  specinc,  36 

Precipitins,  479 

Pressure,  standard  of,  11,  t2 

Prism,  Nicol,  33 

Prolin,  488 

Propane,  303 

Propcptones,  634 

Propylamin,  397 

Protagon,  334 

Protamins,  490,  495 

Protargol,  240 

Proteans,  502 

Proteins,  484,  595 
acid,  504 
alkali,  504 
chromo-,  qoo 
classification  of,  489 
coagulated,  491,  504 
compound,  490,  496 
conjugate,  496 
constitution  of,  487 
definition  of,  487 
derived,  491,  502 
digestion  of,  579 
general  properties,  485 
native,  490 
nucleo-,  490,  496 
poisonous,  477 
reactions  of,  489 
respiratory,  500 
sclero,  493 
simple,  490,  491 
table  of,  486 
whey,  499 
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Proteoses,  504 
Prothrombin,  503 
Protoplasm,  529 
Proximate  analysis,  $2$ 

principles,  523,  544 
Prussian  blue,  222 
Prussic  acid,  198 
Pseudomorphine,  465 
Pseudonucleinsi  498 
Pseudonucleoproteins,  498 
Pseudoxanthin,  481 
Ptomaines,  474 

in  urine,  645 

physiologioU  action,  475 
Ptyalin,  570 
Purin,  441 

amido-,  442 

dioxy-,  442 

oxy-,  449 
Purins,  441,  628 
Purple  of  Cassius,  24J 
Pus  in  urine,  636,  659 
Putrcsdn,  398,  477 
Pyocyanin,  509 
Pyrethrum,  451 
I^idin,  454 

bases,  454 
Pyrimidin,  481 
Pyrocatechinol,  420 
Pyrogallol,  423 
Pyrogallopyrin,  437 
Pyrolusite,  273 
Pyrometers,  22 
Pyromorphite,  204 
Pyroxylin,  240,  338 
Pyrrol,  454 

Q. 

QUANTIVALENCE,  78 

Quartz,  201 

Quercitannic  acid,  484 

Quercitrin,  483 

Quieting  cordials,  516 

Quinidine,  470 

Quinine,  469 

bisulphate,  469 
hjrdrobromide,  470 
hydrochloride,  470 
sulphates,  469 
valerate,  470 

Quinolin,  456 
bases,  4S<^ 

Quinones,  426 


R. 

Radicals,  82 

compound,  82,  299 

organic,  299 

simple,  82 
Radiometer,  14 
Radium,  72,  272 
RaflSnose,  335 
Ration,  diaily,  555 

soldier's,  555 

weight  and  volume,  5^6 
Ray,  ordinary  and  extraordinary, 

polarized,  31 
Reaction,  Adamkiewicz's,  489 

biuret,  489 

Ehrlich's,  644 

ec|uilibrium,  93 

Laebermann's,  489 

Millon's,  489 

Rosenbach's,  639 

velocity,  92 

xanthoproteic,  489 
Reactions,  92 

flame,  232 

reversible,  93 

rules  for  writing,  93 

synthetical,  301 

wet,  23a 
Reagent,  dennition  of,  93 

Barfoed's,  328 

Briicke'i,  489 

DragendoiiSTs,  458 

Fr6hde's,  456 

Marme's,  458 

Mayer's,  458 

Millon's,  439 

Stokes's,  500 

Wagner's,  458 
Realgar,  170 
Red  crocus,  280 
Reduction,  105 
Reinsch's  test,  177 
Rend-rock,  325 
Renal  insufficiency,  649 
Rennet,  537 
Rennin,  537,  579 
Resin  soap,  451 
Resins,  446,  450,  452 

fossil,  452 

gum,  451,  452 

oleo-,  452 
Resopyrin,  437 
Resorcin,  420,  575 

phthalcin,  421 


33 


INDEX. 


7*9 


Resorcin,  physiologicml  action  of,  420 

solution,  575 

test,  430 
Resorcinol,  420 
Respiratory  proteids,  500 
Reticulin,  495 
Rhamnohezitol,  316 
Rhamnose,  337 
Rheadine,  465 
Rheophores,  55 
Rhigolene,  304 
Rhodium,  275 
Rhodochrosite,  373 
Ribose,  328 
Ricin,  477 
Robin,  477 
Rochelle  salt,  338 
Rosin,  447 

Rotation,  specific,  36 
Rottlerin,  451 
Rou^,  jewden',  380 
Rubidium,  339 

-ammonium  bromide^  930 

iodide,  330 
Ruby,  367 
Rum,  319 
Rust,  377 
Ruthenium,  375 


Sacchasates,  333 
Saccharids,  326 

classification,  326 
Saccharimeters,  34 
Saccharin,  433 
Saccharomyces  albicans,  540 
Saccharose,  333 
Saccharum  lactis,  333 
Saffron,  507 
Sal  ammoniac,  330 

volatile,  331 
Salacetol,  431 
5)aleratus,  336 
Salicin,  434,  439,  483 
Salicylal,  425 
Salicylates,  429 
Saligenin,  424 
Salipyrin,  436 
Saliva,  composition  of,  570 

uses  of,  571 
Salmin,  495 
Salol,  430 

camphor,  433 
Salophen,  431 


Salt,  common,  313,  513 

Epsom,  353 

Glauber's,  215 

of  lemon,  227 

of  Satiun,  308 

of  sorrel,  227 

Rochelle,  228,  385 
Saltpeter,  2§$ 

Chili,  218 
Salts,  85 

acid,  86,  169 

basic  or  sub-,  86 

binary,  85 

double,  86,  169 

metallic,  515,  515 

normal,  86,  169 
Santonin,  483 
Sapo  mollis,  363 

viridis,  363 
Saponification,  333,  345 
Saponin,  483 
Sapphire,  367 
Sarcosin,  403 
Saturated  solution,  63 
Scale  compounds  of  iron,  381 
Scales,  thermometric,  33 
Scheele's  green,  174,  336 
Schulite,  272 
Schweinfurt  green,  336 
Science,  definition  of,  i 

natural,  i 

physical,  i 
Scombrih,  495 
Secretin,  537 
Sediment,  stomach,  581 

urinary,  650 
Selenium,  147 

Semipermeable  membrane,  65,  53X 
Sericm,  505 
Series,  homologous,  396 

isologous,  396 
Serin,  487,  488 
Serolin,  588 
Serpentine,  353 
Serpents,  Pharaoh's,  364 
Serum,  protective,  458 
Shell-lac,  451 
Siderite,  275 
Silicates,  302 
Silicic  anhvdride,  3oi 

hydride,  201 

oxide,  201 
Silicium,  201 
I  Silicon,  201 
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Silicon,  amorphous,  JOi 

crystallized,  3oi 

graphitic,  201 

nitride,  201 

sulphide,  201 
Silk,  artificial,  338 
Silver,  238 

ammonio-nitrate  of,  178 

bromide,  239 

chloride,  238 

cyanide,  240 

fulminate,  317 

iodide,  239 

nitrate,  239,  514 

organic  compounds,  240 

oxides,  239 

peroxide,  239 

salts  in  photography,  240 

suboxide,  239 
Skatol,  439,  648 
Skatoxyl,  440,  648 
Slag,  276 
Smaltite,  282 
Smithsonite,  255 
Soaps,  361 

ammonia,  362 

green,  362 

hard,  361 

lead,  362 

lime,  362 

resin,  451 

soft,  361 

white  Castile,  or  sapo,  36a 
Soapstone,  252 
Soda,  216 

ash,  216 

process,  216 

caustic,  214 

lime,  289 

lye,  214 

sal,  216 

washing,  216 

water,  194 
Sodii  arsenas,  219 

benzoas,  219 

nitras,  218 

phenolsulphonas,  220 

sulphocarbolas,  220 
Sodium,  212 

alizarin-sulphonate,  427 

benzoate,  219 

bicarbonate,  217 

bisulphate,  215 


Sodium,  bisulphite,  31$ 

borate,  218 

bromide,  213 

carbonate,  216 
neutral,  216 

chlorate,  219 

chloride,  213,  526 

cresotate,  430 

hydrate,  213 

hydroxide,  213 

hypobromite,  137 

hypochlorite,  219 

h3rposulphite,  215 

iodide,  213 

neutral  phosphates,  21  f 

nitrate,  218 

oxides,  213 

paracresotate,  430 

peroxide,  213 

phosphates,  217 

potassium  tartrate,  228 

pyroborate,  218 

pyrophosphate,  218 

salts,  physiological  action  o^  M^ 

sulphates,  215 

sulphite,  21^ 

sulphocarbolate,  220 

tetraborate,  218 

thiosulphate,  215 

tungstate,  272 
Solanin,  481,  484 
Solanidine,  484 
Solids,  289 
Solute,  62 
Solution,  62 

Fehling's,  235,  330.  638 

freezing  point  of,  18,  291 

Haines's,  6^8 

hyperisotomc,  66,  527 

h3rpo-isotonic,  66,  527 

isotonic,  66 

LugoPs,  116 

Monsel's,  280 

normal,  590 

Nylander's,  639 

saturated,  62 

supersaturated,  62 
Solutol,  416,  417 
Solvay's  process,  216 
Solvent,  62 

immiscible,  286 

selected,  use  of,  286 
Solved,  416,  417 
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Somnal,  347 
Soot,  187 
Sorbin,  331 
Sorbinose,  3*7,  331 
Sorbite,  326 
Sorbitol,  326 
Spar,  heavy-,  251 
Sparteine,  465,  474 
Specific  gravity,  a 
Spectra,  absorption,  29 
Spectroscope,  25 
Spectrum,  25 

analysis,  28 

continuous,  26 

solar,  28 
Spelter,  255 
Sphalerite,  255 
Spie^eleisen,  273 
Spirit,  ^18 

Columbian,  315 

methylated,  316 

of  Mindererus,  232 

of  nitre,  ^46 

proof,  318 

wood,  316 
Spiritus  glycerylis  nitiatis,  325 
Spongin,  495 
Sprue,  540 
Stannum,  202 
Starch,  335 

digestion  of,  579 

paste,  3^7 
Steapsin,  538 
Stearin,  350 
Stearoptenes,  446 
Steel,  276 

Bessemer,  276 
Stercobilin,  508,  588 
Stibin,  180 
Stibnite,  180 
Stinra,  517 
Stocniometry,  95 
Stolzite,  272 
Stomach,  acidity  of,  574,  576 

absorption,  580 

ferments  of,  579 

motility  of,  580 

tube,  512 
Stone,  blue,  235 
Storax,  453 
Stout,  319 
Stramonium,  517 
Strippings,  593 


StrontianTte,  249 
Strontium,  249 

acetate,  250 

bromide,  249 

carbonate,  250 

chloride,  249 

iodide,  249 

lactate,  250 

nitrate,  350 

oxides,  250 

phosphate,  250 

sulphate,  250 
Strophanthin,  484 
Strychnine,  468 
Sturin,  495 
Styrone,  424 

Sublimate,  corrosive,  261,  515 
Sublimation,  19 
Substitution  products,  300 
Succus  entencus,  583 
Sucrates,  ^^s 
Sucrose,  312 
Sugar,  barley,  332 

cane-,  332 

pape-,  329,  637 

m  unne,  637 

invert-p  332 

licorice-,  482 

malt-,  334 

miUt-,  sss,  597 

of  lead,  208 
Suprs,  326 
Sume,  3J7 
Sulphaldehyde,  366 
Sulphates,  145 

in  urine,  623 

tests  for,  146,  623 
Sulphocarbonates,  197 
Sulphocyanates,  229 
Sulphonal,  390 
Sulphur,  137,  289 

flowers  of,  138 

liver  of,  224 

roll,  138 
Sulphuretted  hydrogen,  140 
Sulphuric  anhydride,  144 

ether,  343 
Sulphurous  bromide,  142 

chloride,  142 

iodide,  142 

oxide,  142,  151.  518 
Superphosphate  of  lime,  247 
Sylvite,  220 
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Synaptase,  535 
Syncopants,  516 
Synthesis,  animal,  523 

of  organic  compounds,  301 

plant,  521 
Syntonin,  503 
Syrup,  ipecacuanha,  513 

soothing,  516 

specific  gravity  of »  8 


Table  of  behavior  of  soluble  proteins, 
486 

of  chemical  elements,  71,  72 

of  compoimd  radicals,  82,  299 

of  diet,  550 

of  electi^chemical  series,  78 

of  enzymes,  543 

of  eauiralent  measures,  677 

of  identification  of  prhicipal  fixed 
oils,  360 

of  indicators,-  575 

of  milk  mixtures,  611 

of  solubility  of  chemicals,  680 

of  specific  gravities,  678 

of  wave-lengths,  25 

of  weights  and  measures,  674 
Talc,  252  • 

Tallow,  356 
Tannin,  484 
Tanret's  test,  633 
Tantalum,  269 
Tartar,  cream  of,  228,  384 

crude,  228 

emetic,  183,  385,  514 

soluble,  227 
Taurin,  406 
Tellurium,  147 
Temperature,  critical,  9,  119,  194 

definition  of,  21 

optimum,  532 

standard,  12 
Terebene,  447 
Terpenes,  444 
Terpin  hydrate,  448 
Terpinene,  448 
Terra  alba,  246 
Test,  Bettendorff's,  179 

bismuth,  638 

Boas's,  577 

Dennig^s  s,  64a 

Donne's,  637 

Ehriich's,  644 

elaldin,  359 


Test,  Ewald*s  salol,  581 

Fleischer's,  581 

Fleitmann's,  178 

Gmelin's,  644 

guaiacum,  636 

uQnzburg's,  577 

Gutzeit's,  179 

Heller's,  632,  635 

Legal's,  642 

Marsh's,  177 

meal,  573 

Moore's,  639 

Nylander's,  639 

Oliver's,  644 

Pettenkofer's,  407 

Reinsch's,  177 

Tanret's,  633 

Trommer's,  637 
Tetanin,  477 
Tetrahydrobenzene,  412 
Tetraiodopyrrol,  455 
Tetramethyl-ammonium  hjrdrcudde,  397 
Tetroses,  326 
Thallin,  456 
Thebaine,  462 
Theobromine,  444,  472 
Theory,  definition  of,  i 
Therapin,  354 
Themial  unit,  17,  547 
Thermometers,  22 

clinical,  23 
Thioarsenites,  173 
Thiophenol,  432 
Thrombase,  502,  503,  538 
Thrush,  540 
Thymin,  480 
Thymol,  417,  449 

di-iodo-,  418 
Tin,  202 

chloride,  203,  515 

compounds  0^,  203 

foil,  204 

sheet,  203 

stone,  2o4 

sulphides,  204 
Tincal,  218 
Tinctures,  318 

specific  gravity  of,  8 
Tolu,  453 
Toluene,  410 

dihydroxy-,  421 
Toluidin,  434 
Torula,  539 
Toxalbumin,  498 


INDEX* 


733 


Tozicological  analysis,  175 
Toxins,  477 

aniinai,  478 

bacterial,  479 

extracellular,  479 

intracellular,  479 

vegetable,  477 
Trichlorhydrin,  349 
Triacetin,  340 
Tricalcium  phosphate,  347 
Tricupric  carbonate,  336 
Trilaurin,  349 
Trilinolein,  349 
Trimethylamin,  396 
Trimethyl-oxethyl-« mmonium,  397 

-vinyl-ammonium,  397 
Trimyristin,  349 
Trinitrophenol,  4x5 
Triolein,  350 
Trioses,  328 
Tripalmitin,  ^50 
Triphenvlamm,  435 
Triple  phosphate,  655 
Trisaccnarids,  326 
Tristearin,  350 
Trommer*s  test,  637 
Tropelnes,  466 
Tropine,  466 
Trypsin,  536,  540 
Tryptophan,  487 
Tungstates,  272 
Tungsten,  272 
Tunicin,  339 
Turmeric,  506 
Tumbull's  Dlue,  222 
Turpeth  mineral,  264 
Turpentine,  447 
Types,  84 

ammonia,  84,  394 

benzene,  84 

condensed,  85 

hydrochloric  acid,  84 

water,  84.  394 
Typhotoxin,  477 
Tyrosin,  404,  488,  657 
T3rrotoxicon,  477 

U. 

Uffelmann's  test,  576 
UmikofiTs  reaction,  595 
Unffuentum  iodi,  221 
Units,  electrical,  47 
Uranium,  372 
Urates,  629,  653 


;  Urea,  400,  625 

detection,  62c 
estimation  ot,  625 
origin  of,  627 

Urease,  401,  541 

Uremia,  649 

Ureometer,  626 

Urethane,  347 

Urinary  deposits  650 
pigments,  645 

Urine,  6x4 

acidi^  of,  620 
ash  of,  621 
chlorides  in,  62a 
co^>r,  616 

composition,  615,  667 
general  propertfts,  6x4 
odor,  621 

phosphates  in,  622 
quantity,  6x5 
reaction,  619 
specific  gravity,  618 
sulphates  {n,  623 
total  solids,  619 
transparency,  617 

Urinometer,  5,  618 

Urobilin,  645 

Urochrome,  645 

Uroerythrin,  645 

Urohematin,  502,  647 

Urohematoporphyrin,  sot 

Urorosein,  647 

Urotropine,  412 

V. 

Vaccine,  bacterial,  479 
Valence,  78 

variation  in,  81 
Valin,  487,  488 
Vanadium,  269 
Vanillin,  435 
Vapor,  watery,  m  air,  150 

density,  289 
Va«eUne^3o6 
Veratrine,  474 
Verdigris,  236 
Vermuion,  364 
Vinegar,  374 
Visual  purple,  509 
Vitellin,  4^ 

protem,  489 
Vitriol,  blue,  335 

green,  378,  515 

oil  oif  144 
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Vitriol,  white,  257 
Volatile  oik,  445 
Volt,  46 

international,  48 
Volume,  6 
Vulcanite,  450 


Wastx,  elimination  of,  544 
Water,  114,  524 

alkaline,  134 

analysis,  130 

bitter,  253 

chalybeate,  134 

character  of  good  drinking,  119 

glass,  202 

hardness  of,  131 

ice,  128 

lime,  245 

mineral,  134 

natural,  127 

of  constitution,  254 

of  crvstallization,  254  • 

potable,  127 

purification  of^  133 

rain,  127 

saline,  134 

snow,  127 

soda,  194 

spring,  128 

sulphuretted,  134 

surface,  129 

thermal,  134 

vapor  of,  150 

well,  128 
Waters,  acid,  134 

biological  examination,  13^ 

carbonated,  134 

medicated,  134 
Watt,  47,  48,  64 
Wax,  mineral,  306 
Weight,  atomic,  76 

molecular,  73 
Weights  and  measures,  table  of,  674 
Wells,  artesian,  129 
Whey,  610 

{MTOtein,  499 
Whisky,  319 
White  lead,  207 

permanent,  207 

precipitate,  26t 

vitriol,  257 


Widal's  test,  479 

Wine,  319 

Wines,  composition  of,  319 

Witherite,  250 

Wolfram,  269,  271 

Wolframite,  272 

Wood  alcohol,  315 

spirit,  316 
Wounds,  517 
Wulfenite,  204 


Xanthin,  442 
Xanthc^yll,  508 
Xenols,  417 
Xeroform,  415 
Xylene,  410 
Xylenols,  417 
Xyloidin^  337 
Xylol,  410 
Xylose,  328 


YKA8T,  316,  539 
Yellow  wash,  262 

Z. 

ZeIn,493 

Zero,  absolute,  11 

Zinc,  255 

acetate,  257 

amalgamation  of,  $a 

bromide,  256 

butter  of,  256 

carbonate,  258 

chloride,  256,  514 

flores,  2^7 

hjrdroxide,  257 

iodide,  257 

oxide,  256 

phenolsulphonate,  S5| 

phosphide,  256 

sulphate,  257 

tests,  258 

toxicology,  258 

valerate,  257 

white,  207 
Zincum,  255 
Zymase,  540 
Zymogen,  533 
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